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CHAPTER I. TIME, CAPITAL SERVICES, AND THE HOUSEHOLD 
The household production function has become an integral part of the 
body of theory concerning the household's allocation of goods and human 
time in achieving some level of household satisfaction or utility. In 
general, the concept of household production follows the development of 
Becker (1965). Households are assumed to combine purchased market goods 
and services with consumption time by household members to produce gen­
eral commodities or characteristics. It is these commodities or charac­
teristics that are the arguments of the household's utility function. 
Market goods and services generally are not treated as direct arguments 
of the utility function. 
The Household as a Producing Unit 
The idea of the household acting as a small firm attempting to maxi­
mize output in the least cost method has important ramifications concern­
ing many patterns of individual and household behavior, including the 
labor supply of household members, capital-labor ratios in household pro­
duction, investiments in human capital, demand for children, and consumer 
demand in general. Viewed in this context, the household does not neces­
sarily purchase market goods for their direct contribution to utility but 
rather for their contribution to the production carried on within the 
household. The relationship between market goods and human time now be­
comes of increased importance because human time is also an input in 
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household production. Furthermore, the single largest resource available 
to most households is the human time of its members. 
Time allocation studies are currently being used to evaluate the 
impacts of changes in socioeconomic variables on household members* beha­
vior in the labor market. However, there are few studies examining the 
composition of inputs in household production and the effects of changes 
in socioeconomic variables on the household's demand for inputs, except 
for member's time in household production. Most of the numerous studies 
of consumption and of households' demand for specific goods (e.g., food, 
clothing, recreation, consumer durables) are not analyzed in a produc­
tive household framework, so they fail to tie the demand for goods to the 
demand for household labor. 
The capital-labor ratio in household production is the measure of 
relative factor intensity singled out for analysis in this study. The 
output of household production is not directly observable. The quantity 
of market goods and services, of services of household durable goods, and 
of household labor used in household production are measurable, so house­
hold production can be investigated empirically through input demand 
rather than through production output demand functions. Although demand 
for consumer durables is highly volatile, the demand for the productive 
services from durables in household production is more stable. In most 
cases, the household owns durables and implicitly rents the services from 
itself. In other cases, the household may directly rent or lease the 
services of durable goods in the market, e.g., housing, cars, trailers. 
The factor ratio considered here is the ratio of the value of the annual 
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stream of services from household durable goods to the annual total hours 
of labor used in household production. 
The administration and use of increasing amounts of goods requires 
delegation of decisions among household members in order for increased 
household production and utility or satisfaction to occur. The task of 
household operation has traditionally been the woman's role; that is, 
the woman in th.- household contributes the largest single portion of 
total household labor. Regardless of which adult member of the household 
supplies the major portion of household labor, a large portion of the 
total time available to the adult members is devoted to household produc­
tion and without such time allocation the "consumption" of market goods 
would be severely limited. 
Until recently, developments in household production theory after 
Becker's seminal article (1965) categorized time allocations into two 
components: market time and nonmarket or consumption time.^ No distinc-
2 
tion was made between leisure time and time spent in household labor. 
Such a treatment of time allocation deals with consumption technology but 
lends little to the analysis of household production. The distinction 
between leisure, and household labor contains practical difficulties 
when dealing with some particular activities, for example, child care or 
gardening. These activities may not clearly belong singularly in either 
^See Becker (1965). 
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Household labor msy be generally defined as work around the home 
(e.g., food preparation, house cleaning, child rearing, gardening) for 
which labor may be hired to substitute for the own home labor of the 
household's adult members. 
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category. 
Furthermore, as Gronau (1977) has noted, the theoretical justifica­
tion for aggregating leisure and work in the heme rests on two assump­
tions: (a) the two elements react similarly to changes in the socioeco­
nomic environment and therefore nothing is gained by studying them sep­
arately; and (b) the two elements satisfy the conditions of a composite 
input, that is, their relative price is constant and there is no interest 
in investigating the composition of the aggregate since it has no bearing 
OÛ production and the price of the output. Given these assumptions, no 
enhancement of the understanding of household behavior could be achieved 
by distinguishing between the two allocations. Gronau further notes 
that both of these assumptions are suspect, and that recent time-budget 
studies have shown that leisure and work in the home are not affected in 
the same manner by changes in socioeconomic variables. Thus, in an 
attempt to gain additional insights into the impact of the socioeconomic 
environment upon individual and household behavior patterns, leisure 
and work in the home (or household labor) will be treated as separate 
components of the time allocations of adult household members in this 
study. 
Survey of Literature 
Most of the time allocation studies have centered on urban dwellers 
who are primarily wage earners. Time allocation by farm families has re­
ceived some attention lu Lhe literature however, most of the studies have 
been confined to the analysis of off-farm labor supply by farm family 
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members. There currently exists only one study in the literature analyz­
ing capital-labor ratios in household production. 
Time allocation studies 
Gronau (1977) develops a time allocation model based on the assump­
tion that households are able to produce goods that are perfect substi­
tutes for market goods and that the production of these goods is subject 
to diminishing marginal productivity. Three time allocations, work in 
the market, household labor, and leisure by the husbands and wives, are 
investigated. The data sources are the Michigan Income Dynamics data, 
the 1964 Productive American study, and a survey conducted by the Israel 
Institute of Applied Social Research. 
Gronau employs a model of individual time allocation for the husband 
and wife. Each person combines goods and services produced in the home 
and market goods and services with consumption time to obtain the commod­
ities that are the arguments of the utility function. Consumption time 
is analogous to leisure. Individual maximization of the production of 
household commodities is endogenously constrained by income and available 
time. 
The empirical results of Gronau's study generally conform to theoret­
ical predictions. The effect of an increase in the wage rate on the time 
allocations of the husbands and wives depends upon the employment status 
of the individual. For the unemployed, no change in allocations occurs. 
When the person is engaged in market work, an increase in the market wage 
should and does reduce home labor. The effect on leisure depends on the 
relative strength of the income and substitution effects, which depends 
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on hours worked in the market. The large majority of the husbands in 
the various data sources were employed, and the income and substitution 
effects cancelled one another out, or the income effect dominated. Less 
than one-half of the wives were employed in the market and in this case 
the substitution effect dominated. 
The effect of an increase in nonwage income also depends to some 
extent on the employment status of the individual. For unemployed indi­
viduals, such increases should decrease home labor and increase leisure. 
For those individuals who engage in market labor, increases in nonwage 
income would have no effect on home labor but would reduce market labor 
time and increase leisure. Again, since most wives were unemployed, 
Gronau found a negative correlation between the wife's home time and non-
wage income. Increases in nonwage income showed no effect on the hus­
band's household labor but reduced his market time and increased his 
leisure. 
The presence of children in a household affects the household in a 
variety of ways. The immediate impact is to add a child rearing activity 
to household production, and this changes the productivity of certain 
household inputs. The productivity of one or both of the parents' house­
hold labor increases. This reduces the likelihood of one adult member, 
usually the wife, of entering the market for a wage. Women are generally 
offered lower wages in the market and are relatively more productive in 
the home than the husband. Thus, the likelihood of the wife working in 
the market is reduced by the presence of children. Gronau states that 
it may be plausible that the range of home production activities related 
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to child rearing for the husband are more restricted than for the wife. 
If this is the case, then an increase in market work may result from the 
presence of children, due to the husband's attempt to increase the goods 
intensity of home production. 
Gronau notes that the married household faces joint time allocation 
decisions. Labor specialization among married couples may occur in order 
to gain from differences in their market wages and their household pro­
ductivity. Although it is not possible for one person to save leisure 
for another, labor specialization can result in replacement of one house­
hold member's working time for anothers and thereby increase leisure. 
Gronau makes no formal attempt to model labor specialization by married 
couples. 
Building upon Gronau's model of individual time allocations, Evenson 
(1978) developed two models of household time allocation in an attempt 
to demonstrate the gains from labor specialization for married couples. 
One model is based upon a household which may allocate time to market 
work for a wage, home production, or leisure. The second model relates 
to farm households. The households may allocate time to own farm work 
and to the three time allocations previously mentioned. The data source 
is the Lsguana Household Study in the Philippines. The sample is com­
posed of 225 rural households in the Laguana Province. The author's 
present study borrows heavily from the time allocation model presented by 
Evenson, and a much more detailed development and summary is provided in 
Chapter III. 
The theoretical and empirical results of Evenson's study parallel 
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findings by Gronau (1977), since the introduction of farm time does not 
lead to severe complications. Farm productivity, like household produc­
tivity, is assumed to be subject to diminishing marginal productivity. 
Labor specialization within the household by comparative advantage leads 
to labor replacement as mentioned by Gronau (1977), and Evenson's model 
allows predictions of the impacts on various time allocations and replace­
ment due to changes in wage, nonwage income, farm and household charac­
teristics, and labor productivity. 
The allocation of women's time and the role of education is examined 
by Leibowitz (1975). Education is generally assumed to enhance both mar­
ket and household productivity. The primary findings cf the Leibowitz 
study concern the allocation of market and home time of women. 
Using Census data, her results show that more educated women spend 
more time in the market over their life span than less educated women. 
This result is not surprising because the marginal value of time in the 
market is higher for better educated women. However, her results also 
show that better educated women spend a significantly greater amount of 
time in child care when children age 3 or less are present than do women 
with lower schooling levels. This result is attributed to a smaller 
elasticity of substitution of wife's time for other factors of production 
in child care than in other household activities performed over the life 
cycle. Leibowitz argues that increased education has differential pro­
ductivity effects among various household activities. 
A study by Michael (1972), using the Bureau of Labor Statistics' 
Consumer Expenditure Survey of 1960-61 data, analyzed the impact of 
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education on nomnarket production. Households are assumed to use market 
goods and home time to produce commodities. The relative prices of the 
market goods and time used to produce the various household commodities 
determine the relative prices of the commodities. In order to estimate 
commodity prices, household production is assumed constant returns to 
scale. Michael uses data on 45 expenditure categories in household con­
sumption to analyze changes in relative commodity prices due to unequal 
effects of education on nonmarket productivity. The model also captures 
education's effect on real full income arising from education's positive 
effect on market and nonmarket productivity. By lowering the cost of non-
market production through increased organizational and own-labor effici­
ency, education increases the household's real full income. 
Employing estimates of the education elasticity of full income, of 
consumption income, and of real full income, Michael determines that the 
nonmarket effect of education is less than its effect on money income. 
The effect of education on real full income measured as a percentage ex­
ceeds the effect on money income alone. Furthermore, the results show 
that education's effect is related to changes in consumption patterns due 
to differences in income levels. 
The subjects of commodity prices and household production have re­
ceived critical analysis by Pollak and Wachter (1975). The nature of 
household production is relevant to any analysis using commodity prices 
as information- In order to estimate commodity prices, it must be assumed 
that household production functions are subject to constant returns to 
scale and that no joint production occurs. As mentioned in the 
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Introduction, specific time uses in household production may not be cate­
gorized strictly as home labor or leisure. Some home labor activities 
may also be a source of direct utility as veil ^ .s a commodity input. If 
this is the case, joint production occurs. Another major concern with 
commodity prices is whether they are independent of the commodity bundle 
consumed. If the household production function does not exhibit constant 
returns to scale, the commodity prices will not be independent of prefer­
ences. Pollak and Wachter argue that the lack of independence forces com­
modity demand functions to be functions of changing commodity prices based 
upon the bundle chosen, and that these functions are now viewed as useful 
analytical constructs. Because relative prices depend upon the bundle 
chosen, household tastes are built into commodity prices. For this rea­
son, traditional demand theory woulci have to ba set aside as it assumes 
the households are price takers. 
Pollak and Wachter use a theoretical framework to develop alterna­
tive measures of household behavior that do not require such rigid assump­
tions. They argue that estimating demand functions for goods and time 
allocations would be preferable to estimating commodity demand functions 
even if data availability permitted the latter. Becker (1965), in his 
seminal article on time allocation and subsequent studies by many others, 
assumed a fixed coefficient household production technology, in which 
household time in production of various commodities may be assumed to be 
a reasonable proxy for the output of the various respective commodities. 
However, if the technology permits substitution between goods and the time 
of household members, this relationship is removed. Although output is 
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not observable or estimable, it is still possible to derive demand func­
tions for inputs as functions of market prices, wages, and nonmarket in­
come. Pollak and Wachter assert that in order to estimate demand func­
tions for specific market goods it is only necessary to distinguish the 
use of the good in any activity from its use in any other activity. For 
example, the study of time allocation requires that the day be divided 
into nonoverlapping activities. Thus, they conclude that the study of 
the allocations of goods and time requires less restrictive assumptions 
than the analysis of commodity demand, and that these assumptions can be 
fulfilled. 
The allocation of goods and time over the life cycle is given exten­
sive treatment by Ghez and Becker (1975). Effects on household production 
and consumption are analyzed through examination of life-cycle patterns 
of investment in human capital, wages, nonwage income, and child rearing. 
Substitution of inputs, both goods and time, in household production and 
consumption due to changing relative prices of commodities is emphasized. 
A development of particular interest for this study is the treatment 
of personal care time. Ghez and Becker note that time spent sleeping and 
in other personal care should be separated from other time allocations. 
Personal care time does not have any reasonably close substitutes in goods, 
nor can household production easily be substituted for personal care it­
self. Similar findings by other investigators are reported in support of 
their argument. 
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Capital-labor ratio studies 
The single study in the literature analyzing capital-labor ratios 
in household production of which the author is currently aware is by 
Bryant (1976). Bryant's data are from the farm part of the Rural Income 
Maintenance Experiment on low income rural households which operated from 
1969 to 1972 in three counties in Iowa and North Carolina. However, be­
cause of data problems with early years of the experiment, only data for 
1971 and 1972 are used in the study. Bryant's capital-labor ratio is the 
dollar value of the stock of consumer durables divided by the wife's 
annual hours of home time. No distinction is made in the study between 
the wife's leisure and home time. They are combined into a single aggre­
gate. Home time is defined for the wife as the total time available per 
year (8760 hours) minus farm and market work time. The husband's hrane 
time is not included in the capital-labor ratio. 
Bryant's analysis shows increased capital intensification relative 
to the wife's time as family income rises, as the value of the wife's time 
increases, as the wife's education increases, and as family size increases. 
For analysis, the sample was segmented by labor force status of the hus­
band and the wife. The estimated income elasticities of demand for the 
capital-labor ratio were approximately 0.20 and were computed from coef­
ficients which were significantly different from zero at the 0.10 or 
3 
lower level. Thus, the strong assumption of homotheticity by Ghez and 
Becker (1975) is rejected by Bryant. The estimated compensated wife's 
_ 
The income measure is defined as permanent inccme, but no explana­
tion of its development is stated. 
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wage elasticities of the capital-labor ratio were approximately 0.25, and 
were computed from coefficients exceeding their respective standard errors 
by 1.5 times. 
Bryant notes that the supposition often held concerning farm fami­
lies, especially poor farm families, is that they consume a great deal 
of their farm production and derive utility from farming. This occurrence 
would produce effects on the capital-labor ratio. To test such an effect, 
a measure of farm inputs was employed as an explanatory variable in the 
capital-labor ratio equations, but little empirical support was found. 
The major findings reported in Bryant's study should be examined 
closer. No estimate of time allocation equations is reported. Hence, 
all estimates of capital or labor intensification are relative to the 
wife's time measured as the aggregate of home labor and leisure time. 
Thus, no estimates of the qualitative effects of economic variables on 
the wife's home time can be derived. It is certainly plausible that when 
the wife's aggregate household time increases, leisure increases abso­
lutely and relatively, causing a net decline in the actual time allocated 
to household labor. Since numerous other such combined effects are pos­
sible, the predictive value of Bryant's capital-labor ratio equations by 
themselves is limited. 
The capital variable in Bryant's study is defined as the current 
dollar value of the household's stock of durable goods. This measure of 
household capital overlooks several salient points. The household may be 
assumed to act in the same fashion as a firm. It purchases capital goods 
in order to acquire the services of such goods over time. The expected 
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useful life span of different capital goods varies. The value of the 
stream of services from any capital acquisition is a function of the rate 
of interest, depreciation, and purchase price. Across households, the 
value of the stream of services from a set of capital goods will not in 
general be a fixed proportion of the value of the stock of these goods. 
The compositions of the expected useful life spans, currer.t ages, and pur­
chase prices will differ and will cause significant variations in the pro­
portion. Furthermore, if education has a systematic effect on household 
management efficiency and capital usage, such effects may not be captured 
in a stock measure of capital. 
If farm capital affects the productivity of farm labor, then farm 
inputs might have some impact on time allocations. If the household allo­
cates time on the basis of its highest marginal productivity, then farm 
inputs, aside from the own consumption hypothesis, may be relevant for 
explaining household capital-labor ratios. Because Bryant's data are for 
poor farm families, capital constraints may be severe and limit such 
effects. Further evaluation of this argument may be found in Evenson 
(1978). 
Bryant's empirical estimate of the husband's wage elasticity of de­
mand for the household capital-labor ratio is zero. The time allocation 
studies by Evenson and Gronau, previously cited, have noted possible im­
pacts on leisure and household labor of the wife due to changes in the 
husband's wage rate. This impact may be lost here due to the aggregation 
of leisure and household labor for the wife. 
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Research Objective 
The objectives of this study are: (1) to develop a general model 
of farm household behavior that shows the determinants of a household's 
demand for household labor of the husband and wife, for household capital 
services, and for the capital-labor ratio in household production, (2) to 
fit by regression analysis an empirical specification of the above model 
to a micro data set obtained from the 1976 Iowa Family Farm Survey. 
In order to capture a more complete development of the household's 
behavior, the time allocations of both the husband and the wife are in­
cluded in the analysis and model structure. Also, an important contribu­
tion is the examination of the effects resulting from treating household 
labor and leisure separately. 
Furthermore, time allocation and labor studies have tended to ignore 
the conditions surrounding a particular segment of the occupational spec­
trum, self-employment. Farm operators, as a group, constitute one subset 
of self-employed workers. Wage sources of labor income may be more se­
verely constrained for the farm family than for their urban counterpart. 
Farm families are somewhat unique in regard to the relative ease of intro­
ducing child labor into the self-employed business. These characteris­
tics surrounding the farm family make it a more interesting study than 
the urban family. 
Specific empirical problems arise because of truncated dependent 
variables and unobserved variables. Not all individuals will be observed 
to work for a wage, yet it is assumed the value of their time is not %ero. 
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Thus, it will be necessary to impute the values that individuals assign 
to their time. In some particular time allocation categories large num­
bers of individuals may report zero annual hours. An emphasis of this 
study is time allocation, and the lack of nonzero values by a large num­
ber of respondents results in a truncated dependent variable problem in 
some time allocation equations. Such truncations affect the statistical 
inferences drawn from regression analysis. 
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CHAPTER II, THEORETICAL MODEL OF THE PRODUCTIVE FARM HOUSEHOLD 
Most studies of time allocation concerning farm families have sep­
arated farm inputs and outputs from household inputs and outputs. How­
ever, a few studies, such as Bryant (1976), have assumed that part of 
farm output is an input in farm household production. Examples are the 
farm family's own consxanption of meat, dairy, poultry, or other food prod­
ucts that are produced on the farm. Similarly, some part of farm house­
hold production is an input in farm production. Good health of household 
members is a product of household production, and it affects the quality 
of farm labor services of household members. 
In the case of self-employed individuals, especially farmers, time 
spent as household labor or as farm labor may be of a joint nature. It 
simultaneously contributes directly to both farm and household output, 
and in addition it may be a direct source of utility. Several examples 
of joint production are an individual carrying on some household activity 
while listening to market and weather information, reading a farm maga­
zine or keeping farm business records while supervising children, pur­
chasing farm and household inputs on the same trip to town, taking chil­
dren along while performing farm labor, or spending time eradicating pests 
such as insects and rodents around the farmstead. Thus, some inputs con­
tribute directly to both farm and household output. 
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Farm Household Model 
The model of the farm household developed here is based upon the con­
cept of the productive household, but it will differ from most models 
found in the literature. The household uses inputs to produce goods con­
sumed by the household members and to produce farm output; but rather 
than using two separate production functions, a single joint production 
function for farm and household output is employed. The basic inputs are 
labor, market goods, and capital services. Intermediate inputs such as 
food prepared in the home are also used in household production. House­
holds combine members' time in labor around the house with purchased 
market goods to produce household output or what is sometimes referred 
to as home goods. Purchased durable goods with an expected useful life 
span exceeding one year are assumed to yield a stream of services to the 
household -vver time and are distinguished from other market goods. 
There is no attempt to distinguish particular goods or commodities 
resulting from household production in this model. The emphasis is on 
human time allocation, capital services, and factor ratios in household 
production. This model will be shown to have expanded power for explain­
ing decision-making in farm households. 
The farm household is assumed to maximize utility subject to three 
constraints: the joint household and farm production function constrains, 
the conversion of inputs into outputs, the members' total available time 
constrains, the allocation of time to human time using activities, and 
the purchase of market goods is constrained by realized income. The 
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household unit in this model is assumed to be a single family farm house­
hold. To simplify the analysis, only the time allocations of the farm 
operator and spouse are considered. 
No specific functional form is assumed for the joint production of 
household and farm outputs. Household output is treated as an aggregate 
of all commodities produced by the household. This development follows 
the analysis of Pollak and Wachter (1975). Earlier studies have often 
made restrictive and sometimes unrealistic assumptions about the func­
tional form of the household's production function in an attempt to make 
empirical estimation more tractable. While specific time allocations are 
of interest, the possibility of the existence of jointness in production 
is explicitly recognized, and household production is not assumed to con­
form to any particular algebraic form. 
Objective function 
Household satisfaction or utility is assumed to be a function of 
household produced output (Yg), or home goods, and the leisure of the 
operator and the spouse (Tg^^ and T^^, respectively):^ 
(1) U . U(Y^ ,T^ ,l2^ ) . 
Household produced output can be produced in the home by combining mem­
bers ' time with purchased market goods, or in some cases, market goods 
may be perfect suostii-ucés for home goods (Gronau, 1977). 
Nerlove (1974) notes that the utility function is chat of a single 
decision-maker, this eliminates the problems of a family or social utility 
function. The conceptual framework of the single utility is such that if 
within the family there can be assumed to take place an optimal realloca­
tion of income so as to keep each member's dollar expenditure of equal 
ethical worth, then there can be derived for the whole family a set of 
well-behaved indifference contours relating the totals of what it consumes. 
The family can be said to act as if it maximizes such a group preference 
function. 
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Constraints 
The technology of joint farm and household production is represented 
as an implicit production function: 
(2) G(?F.?H'TlH'T2H'?lF'T2P'X'KH'Z'KF'^) " 
where 
Y_ = total farm production, 
r 
= total household production, 
T^ = operator's household labor, 
T« = spouse's household labor, 
T^p = operator's farm labor, 
T^p = spouse's farm labor, 
X = nondurable market goods primarily in home production. 
Kg " capital services primarily in home production, 
Z = nondurable market goods primarily in farm production, 
Kj, = capital services primarily in farm production, 
Y = an environmental parameter of production, reflects educa­
tion, age, and composition of the household. 
Time allocations of the farm operator and spouse are divided into 
four "productive" activities: leisure produces utility, farm and market 
labor produce money income, and home labor produces household output. 
These are denoted as: 
T^^ • nonfarm employment of the operator, 
Tg^ • nonfarm employment of the spouse, and 
^IL' ?21' ?1H' ?2H' ^ IP' ^2F defined above. 
Furthermore, the total time available of the operator and of the spouse 
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for allocation by the household is given, and the total time constraint 
of each individual is : 
(3) i = 1,2 (operator, spouse). 
In this model leisure differs from household labor. Household labor 
is primarily an input in household production, and leisure is an argu­
ment of the utility function. While individuals may receive some satis­
faction from performing of household labor, farm labor, or nonfarm labor, 
2 
these nonpecuniary rewards or psychic wages are ignored. Generally mar­
ket goods, capital services, or hired labor might be substituted for an 
individual's nonmarket time, that is, farm and household labor. However, 
market goods, capital services, and hired labor are not substitutes for 
own nonmarket time in every instance. 
The full income received by the household is defined as : 
(4) W^ Tj + W3T2 + V + PyYj, = +P^  + + P^Kg + 
"l"lL + + Tip) + "2<^ 2L + ^ 2H + ^ 2F>' 
where 
= the observed or reservation wage of the operator, 
W2 = the observed or reservation wage of the spouse, 
V = income from nonwage and nonfarm sources, 
PgZ = quantity of noncapital inputs (Z) times input price (P^) 
primarily for farm production, 
Pj^Kj,= quantity of capital services (K^ ) times price of capital 
services (P ) for farm production, 
S 
The amission of these nonmonetized wages may cause estimated wage 
effects to be overstated. 
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= quantity of noncapital inputs (X) times input price (P^) 
primarily for household production, 
P^Kjj= quantity of capital services (K^) times price of capital 
services (P ) for household production. 
A Lagrangian expression for maximizing household utility (1) subject 
to full income (4) and production (2) constraints can be shown as: 
- ^ + % - V - V -
- + Tip) - "2(^ 21 + ^ 2H + ?2F)]-
The first order conditions for an interior solution are: 
(6) ôL/ôY^ = U - X G = 0, 
H H 
(7) = U - X W = 0, 
^IL ^ 
(8) = u„ - x,w = 0, 
2L 
(9) âL/âX = 
(10) âL/3Kg = 
- '1% ' -
(11) î!L/aijp = - + ^ 2»! ^ 
(12) ° ° ^2«2 ' 
(13) ôL/àZ = -  "  ° '  
(14) âL/ôKp = 
- '•l®Kj + ''2 K^J, " 
(15) 
- h\^  + ^ 2"l = 
(16) 
' - "A,g + ^ 2"2 ' 
(17) ôL/ôYp =» - = ' 
(18) ôL/ôX^ « 
'  0 ,  
0 ,  
0 ,  
'  0 ,  
0 ,  
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(19) SL/SX^ = + V + - P^Kjj - P^K^ 
- "l"lL + ^ IH + Tip) - "2(^ 2L + + T,,) . 0. 
Conditions for utility maximization 
First-order conditions for an interior solution to the optimal allo­
cation of human and nonhuman resources are examined below. From equations 
(7), (11), and (15), the optimal allocation's of operator's (spouse's) 
time requires: 
(20) U A- = X G /X = X G /X = W , i - 1,2(operator, spouse). 
il xH ^ ^iF 
Assuming the operator's (spouse's) wage rate f^r off-farm wage work, 
(Wg), is independent of (Tg^), then the marginal value of the oper­
ator's (spouse's) time allocated to leisure, to household production, to 
farm production, and to nonfarm employment must be equal to oric àûut-liei: 
and to the operator's (spouse's) off-farm wage rate. It is assumed that 
the nonfarm labor force participant is freely able to adjust the hours of 
nonfarm work. However, institutional time constraints facing off-farm 
labor force participants, such as the forty-hour work week, may force an 
inequality. Also if the reservation wage, the minimum wage to induce off-
farm wage labor, is higher than existing off-farm wage offers, a corner 
solution at zero hours of off-farm labor is optimal. 
Assuming household and farm operations face given market prices for 
the commodities they purchase and sell, equations (9), (10), (13, and (14) 
yield the first-order conditions for optimal nonhuman resource allocation, 
(21) X.Gx/X, - P;. 
(22) . P;. 
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(23) = P^. 
(24) X,G /X_ = P„ . 
Equations (21)-(24) stipulate that the marginal cost of an input must be 
equal to its marginal value in household and farm production. 
The marginal rate of product transformation between Y and Y is: 
(25) - \/V2 = 
It shows that at the optimal rate of production the ratio of the marginal 
utility of household output to the price of farm output must be equal to 
the rate of transformation between household output and farm output. 
The marginal rates of substitution between pairs of inputs used pri­
marily in household production are for the operator's (spouse's) house­
hold time and market goods (X): 
(26) /G^ = W./P^ = i = 1,2; 
xH 
for the operator's and spouse's household time: 
(27) G /G = W /W ; 
^IH ^2H ^ 
and between operator's (spouse's) hou£,ehcli time and capital services: 
(28) G^  /G^ - ^ = 1,2. 
iH H Tl 
Equation (28) is of particular interest in this study because it states 
that at an optimal household capital-labor ratio, the marginal rate of 
substitution in household production between spouse's (operator's) house­
hold time and capital services equals the marginal rate of exchange of 
the spouse's time in the off-farm labor market for household capital 
services. 
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General demand and supply functions 
The household is simultaneously a demander and supplier of its mem­
bers' time. The allocations of time by the operator and the spouse to 
household labor, farm labor, and leisure are treated as quantities (or 
inputs) demanded by the household, and the allocation of time to market 
labor for a wage is treated as a residual supply of time by the household 
to the market. The time allocated by the i-th individual to the j-th 
activity where i = 1,2 (operator, spouse) and j = H,L,F, and M (house­
hold, farm, leisure, and wage labor time) is written as: 
(29) T.. = TijCWi,W2,V,Pp,Pz,Px,Px^^PKp,Y), 
(30) = Ky(W]^ ,W2,V,Pp,P2,Px,P%^,PK^,Y) 
Comparative Static Results 
This section presents a discussion of the comparative static results 
of the productive farm household model. Appendix A contains a complete 
derivation of the comparative static equation. Equation numbers in this 
section correspond to those used for the same equations in Appendix A. 
The demand for and supply of time 
The following equations show the individual effects on time alloca­
tions of changing full inccsne, the nonfarm wage rate and the price of 
farm output. 
Full real income elasticities The elasticities of demand for 
the operator's and the spouse's household, farm, and leisure time with 
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respect to nonwage and nonfann income are: 
dim. ,/«nV = 
where ^ is the household's full income elasticity of demand for human 
ij 
time of type j by individual i, and is the share of V in full income. 
I f ^ _  „  <  0,  t h e n  i n c r e a s e s  i n  n o n w a g e  n o n f a r m  i n c o m e  l e a d  t o  d e c r e a s e s  
iH 
in household labor. Gronau (1977) and Evenson (1978) both report nega­
tive income elasticities of demand for wives' household labor. The re­
sults shown for husbands were either not significantly different from 
zero or defined as zero when the husband did not work in the home. In 
both studies, leisure and household labor were treated as separate time 
allocations. With labor specialization in the household, it is possible 
that such decreases in the demand for household labor would affect only 
one member of the household. The concept of specialization used in this 
analysis is that only one menber of the household engages in a particular 
activity. For example, the spouse may be the only member engaged in 
household labor; the spouse may also work in the market and enjoy leisure, 
while the farm operator is the only member of the household engaged in 
farm labor. The operator may also work in the market for a wage and enjoy 
leisure, but from a household's viewpoint the spouse specializes in house­
hold labor, and the farm operator specializes in farm labor. 
The household's full real income elasticity of demand for farm time 
by the i-th person is Few studies are modeled such that this 
iF 
elasticity is a parameter to be estimated. However, Evenson (1978), in 
a sample segmented by market labor status of the farm operator, reports 
a negative ncnfarm income elasticity of demand for farm labor time for 
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one group of operators. Again, if labor specialization occurs such that 
the quantity of the spouse's farm labor is zero, then this income elas­
ticity would be zero for that individual. 
The full real income elasticity of demand for leisure by the i-th 
individual is]^ . Leisure is an argument of the utility function, 
iL 
and is generally accepted that leisure is a normal good (>i > 0). 
?iL* 
The time allocation studies in the literature support such an assumption, 
e.g. see Gronau (1977). 
Wage elasticities of demand The household's elasticities of 
demand for the four time allocations with respect to the nonfarm wage 
rates can be written as the summation of substitutions and income effects: 
where i = 1,2 and j = H, F, and L. The are the Allen partial elas-
3 
ticities of substitution, where a,b = (T. , T._, T. ). The k. are the 
in. ir IL J 
fractions of full income or expenditure, and ^ ^ has been defined pre-
ij 
viously. The "own" Allen partial elasticity of substitution, is 
required to be negative for constrained maximization of utility. The 
signs of where a # b, are indeterminant, but if > 0, a and b 
are substitutes; and if < 0, a and b are complements. Because two 
of the Allen partial elasticities of substitution in each wage elasticity 
equation are unknown, the signs of all the household's elasticities of 
dci-and with respect to wage rates are qualitatively indeterminant. 
The cross-wage effects of a change in the operator's (spouse's) 
^he Allen partial elasticities of substitution are capturing changes 
in the time allocations, and other inputs, and household and farm outputs 
while utility is held constant. 
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nonfarm wage rate on the household's demand for each of the time alloca­
tions of the spouse (operator) are shown as: 
where i = 1,2 and m = 1,2, but i ^  m. If it is assumed that substitu­
tion between farm operator's and spouse's time is possible in the house­
hold and farm production function then cross-person effects due to wage 
rate changes may occur. Although it is not possible for one individual 
to save leisure for another, substitution in production, of time between 
individuals according to comparative advantage could free some of one 
individual's time for other activities. The signs of all the Allen par­
tial elasticities of substitution in the cross-wage equations are a 
priori unknown. Therefore, the sign of these equations are qualitatively 
indeterminant. However, if labor specialization by the operator and 
spouse in farm and household production occurs, some of the cross-person 
Allen partial elasticities of substitution would be equal to zero. This 
circumstance would increase the dominance of any significant full real 
income effects, which are shown as 
Farm price elasticities of demand Changes in the price of farm 
output operate through the household's realized income constraint by 
changing net farm income. The effects of such a price change on the 
household's demand for the husband's and the wife's four time allocations 
are shown as : 
dlnl^j/dlnPj = - W . Y ^ '  
where i = 1,2 and j • H, F, L, and M. The term a represents the 
F ij F 
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percentage change in human time caused by one percent change in the 
price of farm output, holding real income of the household constant. A 
change in the farm output price changes the optimal ratio of Y_ to Y in 
F H 
production and hence changes the optimal input-output relationship between 
T., and Y„. The change in P causes a change in realized income and in ij r r 
household full income. The term k_ _ captures this price income 
effect on T^j. 
For farm labor ( j = F), the term K_ _ shows the percentage 
^F iF F 
change in farm labor of individual i caused by a one percent change in 
farm output price, holding real income constant. In this case, an assump­
tion of CT > 0 is plausible, and if# < 0, as found by Evenson 
i^F^ F ^iF* 
(1978), then qualitatively the effect of P_ on T.„ is uncertain. 
r Xr 
The demand for capital services 
The following equations show the individual effect on household cap­
ital services of changing the nonfarm wage rates, nonwage income, and 
the price of farm output, all else constant, in elasticity form: 
(89) dlnK_VdlnW = a _ ^ T + T % R' 
^ ^ ^iH ViH ^iL ViL ^iF ViF ^iW 
(90) dlnK^/dlnV = 
(91) dlnKg/dlnPp = 
Bryant (1976) shows a positive nonwage income elasticity of demand 
for the stock of consumer durables. Capital services rather than the 
stock of consumer durables are used in his study for developing the capi­
tal-labor ratio in household production. However, the stock of durables 
and the quantity of services are closely tied, and for that reason, an 
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assumption of 'j „ > 0 is reasonable. The sign of equation (89) is a 
V 
priori unknown. Even if the full real income elasticity of demand for 
capital services 7)^^ > 0, the signs of the Allen partical elasticities 
are a priori unknown. If 7) „ > 0 then unambiguously equation (90) would 
H 
indicate an increased demand for capital services and nonwage income 
increased. The sign of equation (91) is also indeterminant because the 
sign of the Allen partial elasticity is a priori unknown. 
Because of the large numbers of Allen partial elasticities of sub­
stitution that have a priori unknown signs, most of the comparative static 
results are ambiguous. Some ad hoc arguments could be made about the 
signs of some of the partial elasticities. However, in most cases, an 
equally plausible argument for the opposite sign can be made. For this 
reason none of such arguments have been stated, and the predictions of 
ambiguous directional effects have been retained. 
The Environmental Parameter 
The environmental parameter, y, is a vector of household and individ­
ual characteristics. This includes human capital variables, age of house­
hold members, age of the household, and the number of other household 
members. These variables are assumed to change household behavior through 
income and productive efficiency effects. Although education is a fre­
quently used human capital variable, on-the-job-training, continuing edu­
cation programs, and attending extension programs also produce human 
capital. It is generally assumed that certain types of human capital 
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increase allocative and productive efficiency. As shown by Huffman 
(1977b), the rate of adoption of improved techniques, the rate of adjust­
ment due to external change, and the use of information sources are norm­
ally enhanced by education or other forms of human capital. 
The effects of education on household efficiency, as reported by 
Michael (1972), Leibowitz (1975), and Ghez and Becker (1975), show that 
husband's and wife's education change the allocation of members' time. 
Michael (1972) found nonmarket productivity increased due to increased 
education, but the increase was not as large as the increase in consump­
tion income when education was increased. 
Household composition has important effects on the allocation of 
time. The presence of children adds child rearing as an activity in 
household production, and young children are especially human time inten­
sive. Infants within the household may entirely preclude farm and non-
farm work for one adult member, and reduce the leisure time of one or both 
adult members. Leibowitz (1975) found that college educated mothers spent 
a much greater amovint of time in child care, both total child care hours 
and hours per child, than did mothers with a high school education or 
less. Gronau (1977) and Evenson (1978) show that the presence of preschool 
children may cause the husband to increase his market labor in an effort 
to increase the goods intensity of household production because the range 
of productive child rearing activities may be more restricted for his 
household time, The time of older children may be a substitute for hus­
band's and wife's time in household and farm labor, although some supervi­
sion time by an adult may be necessary. Older adults living in the 
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household, such as retired parents, may also be a substitute for husband's 
and wife's household time. Alternatively, older adults who have poor 
health could be household-time intensive. 
The age of the household head carries some lifci-cycle effects. 
Leibowitz (1975) shows child rearing to be very important during the 20s, 
and then it declines dramatically in importance in affecting household 
behavior and the time allocation of adult members, especially the wife's 
allocations. The results reported by Rosenzwieg (1977) and Mincer and 
Polaciiek (1974) also show these strong age effects. Real wage patterns 
also show an age or experience profile. Real wage rates first rise with 
experience and then later decline. Health status generally declines with 
age as well. Time preferences play a role in the allocation of an indi­
vidual's time to the various productive activities. As individuals age, 
the demand for leisure and household time may rise. Leibowitz (1975) 
also notes that if household productivity increases relative to market 
productivity as age increases because of differential rates of deprecia­
tion for human capital, then age would have a negative effect on the 
market labor supply. 
This chapter has developed a mathematical model of the productive 
farrû family. Chapter III presents a graphical model of time allocation 
for single and two-person farm households. The general form of the 
graphical presentation has been employed in previous studies. 
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CHAPTER III. TIME ALLOCATIONS FOR FARM FAMILIES 
The previous chapter developed a general and fairly complex mathe­
matical model of resource allocation with a husband-wife two-person pro­
ductive farm household. In this chapter, that model is simplified, so 
that its essential features can be represented graphically, by assuming 
that human time is the only graphical input in household and farm produc­
tion.^ The primary emphasis of the graphical analysis is on human time 
allocation, first for a one-person farm household and then for a two-per-
son farm household. 
The graphical presentations of time allocation in one person farm 
households are shown in Figures 3.1 and 3.2 for the husband and wife, re­
spectively. Figures 3.3 and 3.4 present two-person, husband and wife, 
nonfann and farm households, respectively. The figures present the time 
allocation opportunity set of the respective households. The final deter­
mination of specific time allocation depends upon the point of tangency 
between the opportunity set and an indifference curve. Indifference 
curves have been omitted in order to simplify the graphical presentation. 
Single Person Households 
In Figures 3.1 and 3.2 the individual operator or spouse has the op­
tion of allocating his or her endowment of time to leisure, household 
labor, farm labor, and market wage labor. The allocation is assumed to 
^Gronau (1977) and Evenson (1978) use similar graphical models. 
34 
C'-
V. 
m_' m H 
LEISURE 
Figure 3.1. Operator's time allocation 
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Figure 3.2. Spouse's time allocation 
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Figure 3.3. Joint time allocation, no farming 
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Figure 3,4. Joint time allocation, with farming 
38 
be such that the opportunity set for consumption is largest. The curve 
abc in each figure shows the transformation of household labor into home 
goods. The slope of this curve at any point represents the marginal 
product of household labor in home goods production, which diminishes as 
household labor increases. Labor allocated to farm production is also 
assumed to be subject to diminishing marginal productivity. The curve 
ab'c' in each figure represents the combined productivity of labor allo­
cated to farm and household production. Assuming the market wage rate is 
unaffected by the number of hours worked, the line bd and b'd' reflect 
the marginal return to market labor and start from points b and b' where 
the marginal product of household labor and of household and farm labor 
are equal to the "real" wage rate for market labor. The individual's 
time is allocated along ab'd* such that consumption opportunities are 
maximized. 
Numerous productive effects can be developed with this model. If 
the spouse's labor is more productive than the operator's labor, up to 
some amount of time, in household production, the curve abc rises more 
steeply for the spouse than the operator. If the operator's labor is 
more productive than the spouse's labor, up to some amount of time, in 
farm production, then the curve ab'd' will diverge more widely from abc 
for the operator than the spouse. There is no reason a priori to assume 
the combined curve ab'c' for one individual to ri?e more steeply initi­
ally than for the other individual. If curves ab'c' are assumed to be 
identical for both individuals, then the effect of wage rate differences 
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for the operator and spouse are predictable. 
If the operator faces a higher market wage than the spouse, which 
is generally the case, the operator in panel A, can then be seen to allo­
cate less total time to farm and household production than the spouse. 
With each individual facing the same combined productivity curve ab'c', 
the operator, facing a steeper wage line bd, will subsequently move into 
the labor market at a smaller quantity of farm and household labor than 
the spouse. These entry points are noted as b and b'. 
The more interesting developments, however, lie in the two-person 
household model, allowing for joint time allocation. 
Two Person Households 
Figure 3.3 depicts a two-person household with no farming (or self-
employment) . Figure 3.4 shows a two-person farm household. The devel­
opment of the opportunity sets is a simple average of the developments in 
Figures 3.1 and 3.2. This aggregation, expressed as an average, assumes 
the productivity in any time allocation of one individual is independent 
of the other individual's productivity in any time allocation. 
The lower line in Figure 3.3, abed, represents a simple average of 
lines abd in Figures 3.1 and 3.2. In segment ab, both the operator and 
spouse are solely in household production. In segment be, the operator 
moves into the labor market while the spouse remains solely in household 
2 
This model need not be solely descriptive of a farm family, it 
could apply to a family where one or more members is employed in any-
self-employed occupation. 
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production. Thus, segment be is curved, reflecting the diminishing mar­
ginal productivity of the spouse's time in household production. In 
setment cd, both the operator and spouse are in the labor market. The 
slope of cd is the average of the hourly wage rates received by the oper­
ator and spouse. 
If labor substitution between individuals within a productive activ­
ity is possible, the household may expand the size of its opportunity set 
by engaging in labor specialization. In Figure 3.3, assuming the operator 
faces a higher wage for market labor than the spouse, and the spouse is 
freely able to substitute time in household production for the operator's 
time, a new boundary to the consumption opportunity set of abefg may be 
derived. Now the household gains by labor specialization according to 
comparative advantage. If tangency between the consumption opportunity 
set and the indifference curve occurs in segment ab, both the operator 
and spouse will be engaged solely in household production. 
If the tangency occurs in segment be, the operator is engaged solely 
in market labor and the spouse is engaged solely in household production. 
The line segment be is a straight line with a horizontal length of m^ m*, 
that is equal to m^H. This shape of the consumption opportunity set 
occurs due to labor specialization. The spouse's time fully replaces 
the operator's time in household production at point e. Each hour the 
spouse replaces in household production for the operator means freeing an 
hour of his time for market labor without changes in his leisure. 
If tangency between the indifference curve and the consumption oppor­
tunity set occurs in segment ef, the spouse allocates all her working 
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time to household production and the operator is engaged solely in mar­
ket labor. The spouse works on both the operator's and the spouse's 
household production curves. Thus, the spouse realizes diminishin mar­
ginal returns to household production at a much slower rate. Now the 
spouse will not enter the market for wage work until some point to the 
left of m'*, say m**, or to left of ms as shown in Figure 3.2. When 
spouse's time is more easily substitutable for the operator's time in 
household production, the gains from specialization are greater and the 
segment ef is longer. The boundary of the consumption opportunity set 
abefg in Figure 3.3 is drawn under the assumption that the spouse's time 
can completely replace the operator's time in household production. In­
creasing the spouse's market wage, however, will shift the market labor 
entry point of the spouse to the right of f. This shift will have the 
effect of reducing gains frcm specialization. 
Figure 3.4 shows a similar development as Figure 3.3, but now farm­
ing (or self-employment) is included as a time using productive activity. 
The labor of the operator and spouse are assumed to be substitutable in 
household and farm production, although not necessarily perfectly. If 
the operator's time is more productive in farm production than the spouse's 
time at all time allocations, specialization occurs at the outset. The 
spouse begins to replace the operator's time in household production. 
The replacement in this instance is not necessarily complete. This effect 
is shown in line segment ae in Figure 3.4. If tangency between the con­
sumption opportunity set and the indifference curve occurs in segment ae, 
the spouse will be engaged solely in household production and the 
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operator will be engaged in both farm and household production. 
The line segment ef is a straight line, reflecting the operator's 
wage in the market. The length of the segment will not be as long hori­
zontally as IDQ'H because the spouse's time is less productive in farm 
production, by assimption, and cannot fully replace the operator in farm 
work. If the indifference curve and the consumption opportunity set are 
tangent in segment ef, the spouse is engaged in farm and household labor 
while the operator is engaged in market, farm, and possibly household 
labor. 
The line segment fg is curved because the spouse's time is used in 
household and farm production and replaces only part of the operator's 
farm time. At point g, the spouse enters the market. Again, the gains 
to the family from specialization depend upon the substitutability of the 
spouse's time for the operator's time in household and farm production. 
As in the Figure 3.3, increasing the spouse's market wage will shift point 
g to the right on ah and reduce the gains from specialization. 
The Effects of Changes in Socioeconomic Variables 
The effects of changing one of several exogenous variables on the 
various time allocations can be predicted employing the graphical models 
shown here. As has been shown, the incidence of tangency between the con­
sumption opportunity set and the indifference curve plays the decisive 
role in time allocation determination. The discussion presented here em­
phasizes the effects of income, wage rates, and labor productivity on the 
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time allocation of both the operator and spouse. 
Nonwage income 
Changes in nonwage income are assumed to be independent of the way 
time is allocated. Thus, an increase in nonwage income shifts the combined 
household and farm production curve vertically upward. In a standard 
work-leisure model, the income line is a straight line, and a nonwage in­
come change has only income effects. The combined household and farm pro­
duction-market wage curve developed in this chapter possesses both curved 
and linear portions. Thus, depending upon the market employment status 
of the two income earners, that is, the specific point of tangency between 
the indifference curve and the consumption opportunity set, both an income 
and substitution effect may occur. If the initial point of tangency for 
the two-person household is on a curved segment of the consumption oppor­
tunity set, the increase in nonwage income will have both income and sub­
stitution effects. If the initial position of tangency is on a linear 
segment and after a nonwage income increase the tangency point remains 
on a linear segment, then only the income effect occurs. A shift in tan­
gency points from a linear segment to a curved segment due to an increase 
in nonwage income carries both income and substitution effects. 
Operator's market wage 
An increase in the operator's market wage rate will have both in­
come and substitution effects if the initial tangency point is such that 
the operator is engaged in market labor. An increase in the operator's 
wage will alter the shape of the combined curve aefgh shown in Figure 3.4. 
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Point e, the point of entry into the labor market by the operator, is 
shifted to the right of e. The slope of the boundary of the consumption 
opportunity line is rotated upward from this new point. This shift in­
creases the likelihood that the operator works in the market and that his 
total time in farm and household production is reduced. If the point 
of tangency is such that only the operator works in the market and the 
substitution effect dominates, the operator's allocation of market time 
will increase, thus causing increased replacement of operator's time by 
spouse's time in household and farm production time. If the income effect 
•dominates, assuming leisure has a positive income elasticity of demand, 
the consumption of leisure by both the operator and spouse increases. 
Also, household and farm labor time by the operator is reduced and his 
market time may increase, decrease, or remain unchanged depending upon 
the extent of the rightward shift of point e and the new resulting tan­
gency. 
Spouse'a market wage 
The immediate effect on an increase in the spouse's market wage is 
to shift point g, the point of market entry by the spouse, to the right 
of g and rotate segment gf upward. If tangency is such that the spouse 
is not working in the market there will be no effect on either the spouse's 
or operator's time allocations. An exception to this conclusion could 
occur if the wage increase is sufficient to shift the spouse into the 
market, the result of a significant rightward shift in point g. Then 
displacement of farm and household time by the spouse would occur. 
If the spouse is already engaged in market work, the relative 
45 
strengths of the income and substitution effects will determine the im­
pact on both the operator's and spouse's time allocations. If Lhe substi­
tution effect dominates, the operator could actually increase market time. 
The spouse will reduce replacement in farm and household labor leading 
to both increases in the spouse's and operator's market work. If the in­
come effect dominates, leisure of both the operator and spouse will in­
crease. The operator works less in the market, and farm and household 
labor is unaffected. The changes in the spouse's time allocation are un­
certain. Point g, market entry, has now shifted to the right of g shown 
in Figure 3.4. Household and farm labor has declined. Entry into the 
market occurs at an earlier point. Depending upon the curvature of seg­
ment ef and the new tangency, the spouse's market time might increase, 
decrease, or remain unchanged. If market time is unchanged, the increase 
in leisure will come strictly from reduced household and farm labor. If 
market time decreases, leisure time is increased as both market time and 
household and farm labor time decline. A large decrease in household and 
farm time caused by significant rightward shift in point g could cause 
increases in both leisure and market time due to a large reduction in 
household and farm labor time. These time allocation adjustments will 
depend upon the wage rate increase, the curvature of the farm and house­
hold production curve and the new tangency point. 
Spouse's household productivity 
An increase in the productivity of the spouse's time in household 
production rotates the consumption possibility curve upward about point 
a. There will be an incane effect and perhaps a small substitution 
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effect caused by the curvature of the boundary. The increased household 
productivity causes point g, the point of entry into the labor market 
by the spouse, to shift to the left on ah, thus reducing the likelihood 
3 
of the spouse engaging in market work. Assuming leisure is a normal 
good, the primary effect on time allocation of increased household pro­
ductivity is an increase in spouse's leisure time and decreases in her 
working time. 
Operator's farm productivity 
An increase in the productivity of the operator's farm labor causes 
a rotation of the boundary of the consumption opportunity set about a. 
The increased productivity of the operator's farm labor causes point e 
to shift left on ah and reduces the likelihood of the operator engaging 
in farm work. If the operator is engaged in market work, a displacement 
effect occurs, reducing his market hours and increasing his time in farm 
and household production. 
A development not shown in any of the figures is a situation in 
which the spouse faces a higher market wage than the operator. In this 
case, the spouse would enter the labor market at point e rather than the 
operator. If tangency between the indifference curve and the consumption 
opportunity set occurs above e, the operator will then begin to replace 
the spouse's time in household and farm production. Leibowitz (1975) 
found that husbands of working wives increased home labor, primarily in 
meal preparation. 
_ 
This is assuming that the spouse's market wage rate remains con­
stant. 
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The mathematic and graphical models presented thus far have been 
theoretically derived. The empirical measures of the variables consid­
ered in these models and the empirical estimates of the theoretically 
predicted results will be presented in the following chapters. 
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CHAPTER IV. THE EMPIRICAL MODEL: DATA SET, EMPIRICAL MEASURES 
OF VARIABLES, AND FUNCTIONAL FORM 
A theoretical model of resource allocation in a productive farm 
household has been presented in Chapters II and III. Equations (16)-(19) 
in Chapter II give a set of structural equations that can be solved to 
yield a set of general reduced form demand and supply functions. These 
general reduced form functions of household demand for leisure, household 
labor, farm labor, and of household supply of market labor are shown as 
equation (29) in Chapter II, The reduced form function of the demand for 
household capital services is shown as equation (30). These endogenous 
variables are shown to be functions of all exogenous variables in the 
system. The comparative static analysis in Chapter II provides informa­
tion on the expected signs of the exogenous variables in the reduced form 
equations. This chapter presents a discussion of the empirical model: 
the data set, the empirical measures of the variables, and the functional 
form of the equations to be estimated. 
The Data Set 
The data set used in the empirical analysis is the 1976 Iowa Family 
Farm Survey. It was designed to provide information on the characteris­
tics of Iowa farms and farm families, on their information sources for 
decision-making and on their research needs. The survey was sponsored 
by the Iowa State University Agricultural Experiment Station and was 
directed by the Statistical Laboratory of Iowa State University. It is 
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a cross-sectional survey of 933 Iowa farm families identified in an area 
sample that was conducted in 1977, and that collected extensive informa­
tion about the characteristics of fam families and of farm businesses 
for 1976. 
The survey design 
The population covered by the Family Farm Survey was all farms in 
Iowa having gross sales in 1976 of at least $2,500 worth of agricultural 
products, except corporate farms operated as other than family businesses. 
A sampling rate of approximately 1 in 106 was used in an attempt to attain 
a desired sample size of 1.000 households. In designing the area sample, 
the counties of the state were grouped into 12 strata, corresponding to 
the 12 state extension areas. These strata were formed into a statewide 
sampling frame, and the sampling rate was applied uniformly across the 
state. 
The questionnaire was divided into two parts: one relating to the 
farm household and the other relating to the farm business. The person 
determined to be the operator by a separate screening process responded 
to the farm business section of the questionnaire, and the spouse of this 
person, when one was present, responded to the household section. The 
operator was identified as the primary decision-maker for the farm busi­
ness, except where more than one decision-maker was identified, in which 
case the number of days worked on the farm became the criterion for 
selecting between them. 
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Comparisons of family farm survey to census data 
A comparison of the Iowa Family Farm Survey data to the data in­
cluded in the Iowa chapter of the 1974 U.S. Census of Agriculture shows 
some differences. Most comparisons are limited to farm business charac­
teristics because the 1974 Census of Agriculture data on very few charac­
teristics of farm household. 
Including all operators whether landowners or not, the survey state 
average values for operator land tenure are 190 acres owned, 142 acres 
rented (in), and 332 acres operated. The state averages for all Census 
operators are 208.2 acres owned and 262 acres operated. Thus, the Census 
farm operators rented (in) an average of only 54 acres. The percentage 
of survey operators renting in land to operate is 67.5 percent and of the 
Census operators is 47.9 percent. Although farm size measured in acres 
has an upward trend over time, different sur'/ey procedures seem to be 
the major source of differences between the data sources in average acres 
rented (in).^ Average farm operator age is 47.7 for the Family Farm sur­
vey and 49.3 years for the 1974 Census of Agriculture. The percentage 
of fam operators engaging in some nonfarm employment is 24 percent for 
the survey and 30 percent for the Census. The percentage of operators 
receiving some nonfarm income is 49.6 percent in the survey and 59 percent 
in the Census. Thus, the major differences seem to be for land holdings 
^The Census of Agriculture collected farm data from a mail response 
form. The primary source for the determination of survey inclusion are 
previous Census responses and Social Security Administration data. Pre­
vious Census of Agriculture surveys employed enumerators to specifically 
cover geographic regions in order to determine land use and the operator. 
The 1974 Census of Agriculture did not use this method and for this rea­
son may not have included some new operators who are primarily renters. 
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and land rentals. Average land owned by survey fann operators is 18.2 
acres less than the Census average, and average acres of land rented in 
for survey farms are 88 acres larger than for the Census farms. 
Project Sample 
The sample for this research project is limited to households in the 
Iowa Family Farm Survey in which both a husband and wife are present. 
Although female operators exist in the survey, they did not occur in 
households where both the husband and wife are present. For this reason, 
hereafter, the farm operator will be referred to as the husband, and the 
spouse referred to as the wife. The requirement of the presence of 
both the husband and the wife and the problem of missing information on 
some households reduced the project sample frcsn 933 to 801. 
Variables 
Productive time allocations for the husband and wife are divided 
into four nonoverlapping activities. In the Iowa Family Farm Survey, 
husbands and wives were asked to give retrospective information for a 
calendar year on the amount of time that they spent working on the farm, 
working off the farm for a wage, and working around the house. As an aid 
in recalling this information, the calendar year was split into four sea­
sons: winter, summer, fall, and spring. Also each respondent was asked 
first to give the number of days that they worked during a season and 
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then to give the average number of hours worked per day. However, in 
some cases, it was easier for a respondent to give the season total hours 
directly rather than giving days and hours per day separately, and the 
season total was taken. 
Because working time was to be allocated to three broad categories, 
the time seems to be allocated by the respondents fairly accurately to 
each category. However, there are undoubtedly some problem areas. For 
example, off-farm work for a wage does not include any time spent in a 
self-employed nonfarm business enterprise. Off-farm labor time does not 
include time spent in custom or contract farm work performed for others. 
The hours of farm labor includes not only own farm labor, but also 
time spent in custom or contract work done for other farm operators. 
Farm labor time is defined in the survey as work on the farm including 
chores, caring for livestock, repairing buildings and equipment, keeping 
records, field work, and buying and selling. 
Survey respondents had to make their own judgments as to what par­
ticular activities were to be considered as household time leisure. 
For example, all time spent in all child care may not be included in time 
for household work. For some individuals, part of child care time could 
constitute leisure time. 
Leisure time is treated in this study as a residual. It is defined 
as 6205 hours less total reported hours for farm work, off-farm work for 
a wage, and house work. In arriving at 6205 annual hours of available 
time, personal care time of 7 hours per day was first subtracted from 
the total available annual time of 8760 (=365 x 24). The reason for 
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deducting time for personal care is that Ghez and Becker (1975) found 
personal care time to be insensitive to changes in socioeconomic vari­
ables. Personal care time does not seem to have close substitutes in 
market goods or household produce goods. 
Several measures of wage work exist in the literature on labor sup­
ply. These measures reflect differences in survey type, survey defini­
tions of work, and specific aspects of the labor supply being studied. 
The most commonly used measures are weeks per year, hours per week, and 
hours per year. Labor measured as weeks worked per year or hours worked 
per week reflect labor supply decisions on full versus part-time labor 
force participation. Labor supply measured as hours per year reflects 
the decision of whether or not to participate at all in the labor market 
in a given period. For the family farm survey data the only feasible 
measure of market labor supply for a wage is annual hours. 
Wage rates 
As noted in the Introduction, a requirement for making a productive 
household model, as presented in Chapters II and III, amenable to econo­
metric analysis is an estimate of the value that households assign to 
their members' time. The assumption is that the price assigned to the 
husband's and wife's time is an important determinant of resource alloca­
tion and optimal factor intensities in farm and household production. 
No data on actual or expected wage rates for off-farm employment was col­
lected in the survey. However, hourly wage rates for part of the sample 
can be calculated by dividing reported annual earnings from off-farm wage 
work by the reported annual hours of off-farm work. 
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Of the 801 farm families in the project sample, only 225 husbands 
and 232 wives have observed nonfarm earnings and labor time im 1976. 
Thus, a shadow or imputed wage is needed for husbands and wives that do 
not report market wage work. The procedure used here is to estimate wage 
equations for husband and wives who report off-farm work and then use 
these equations to impute off-farm wage rates for the whole sample of 
2 husbands and wives. 
The calculated wage in this study for the 225 husbands and 232 wives 
reporting off-farm wage earnings and hours has the annual hours of off-
farm labor as a denominator. Therefore, off-farm work hours should not 
be included as an explanatory variable in the wage equations to be esti­
mated. A reservation wage is defined as the wage at which an individual 
is indifferent between engaging in and not engaging in market work, and 
the hours of wage work equal zero. The wage rate predicted by the esti­
mated equations in this study is not a reservation wage, but is an im­
puted wage, because the hours worked for a wage cannot be evaluated at 
zero for those individuals reporting zero off-farm wage earnings and 
3 
hours. The imputed wage used in this study is estimated as the market 
2 
This is an instrumental variable procedure to obtain the market 
wage rate. The use of the instrumental variable approach and the subse­
quent econometric considerations receives extensive treatment in Heckman 
(1976) and Cogan (1975). 
3 See DaVanzo, Detray, and Greenberg (1973) for a discussion of bias 
introduced when the labor supply measure is a divisor used to construct 
a wage measure, and also a discussion of the use of observed versus im­
puted wage rates. Their conclusion was that both wage measures embody 
some biases, but the imputed wage variable was biased to a lesser extent. 
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wage an individual would receive if he or she entered the off-farm wage 
labor market: = It is assumed that individuals with identical market-re­
lated characteristics face identical wage offers. 
Cogan (1975) employs a simple model of household utility maximiza­
tion subject to time and budget constraints and shows that parameters of 
the reservation wage function may be calculated from the parameters of 
the labor supply function. This is a two-step procedure where the wage 
equation is estimated, and then employing the predicted wage as an ex­
planatory variable, the labor supply equation is estimated. The reserva­
tion wage developed by Cogan is a predicted wage employing the estimated 
wage equation, evaluated at zero hours of work for those individuals not 
reporting market wage labor. Thus, if consistent estimators of the labor 
supply parameters are available, one would have consistent estimators of 
4 
the effects of various factors on the reservation wage. 
Two assumptions are required for the estimated parameters of the wage 
equations to be unbiased and consistent. Observed differences in wage 
offers, for individuals with identical market-related characteristics, 
must not be systematically related to market labor supply decisions. 
They must be random errors of measurement. Greenberg (1972) and Cogan 
(1975) note that this assumption attributes differences in labor force 
participation among individuals with identical market-related character­
istics solely to unobserved differences in tastes and nonmarket produc­
tivities. 
4 
These estimators, by assumption, should also be consistent for any 
imputed market wage rate for those individuals reporting no off-farm wage 
or off-farm labor. 
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The use of the instrumental variable approach allows explicit recog­
nition that the wage rate may not be wholly independent of the hours 
worked. A number of interdependencies may also be contributing to simul­
taneous bias, such as decisions regarding investment in human capital, 
occupational choice, location, and the labor market potential of the 
family.^ The instrumental variable approach may reduce measurement error 
bias and remove life-cycle or transitory effects. 
Greenberg (1972) stresses two difficulties in employing the instru­
mental variable approach. First, since the sample must be separated on 
the basis of some work pattern in order to estimate wages for those having 
no observed wages, this should be taken as prima facie evidence of some 
differences in potential market wages. Second, only a small part of the 
variation of observed wages have tended to be accounted for by predicted 
wages. While some variation may be attributed to sheer "noise", another 
part is no doubt attributable to quality differences in experience and 
education.^ 
Other real economic variables such as fringe benefits and nonmone­
tary rewards, which should be considered as a part of the real wage, are 
generally not captured in the reported wage rate or earnings. Inability 
to include such considerations in the observed wage are generally due to 
data difficulties and leads to underestimation of the real wage and may 
also be a source of bias of the wage coefficient in the labor supply 
^Attempts to treat simultaneous bias are developed by Hanoch (1976) 
and Heckman (1974, 1977). 
^Selectivity bias is treated by Gronau (1973a). For an extended 
econometric treatment see Heckman (1976). 
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function.' 
The use of an imputed market wage rather than a reservation wage 
does not introduce any theoretical complications in the analysis of the 
labor supply function. Due to costs of entry into the wage labor market 
for participants, and institutional constraints in the form of minimum 
labor supply requirements of participants, the labor supply function may 
g 
show discontinuity at the reservation wage. Theoretical analysis can 
overcome this problem, but under these circumstances, empirical estimates 
using predicted reservation wage tend to produce positive biases in esti­
mates of the wage elasticity of labor supply. An imputed wage measure 
in similar situations would also produce positive bias in the elasticity 
measure. 
Following the tradition of human capital approaches to wage equa­
tions, the dependent variable in the estimated wage equations is the 
natural log of the measured wage. There is strong evidence empirically 
for the use of the semi-log form. Heckcaan and Polachek (1974) performed 
tests on several functional forms of wage equations. Their findings con­
firmed that for the data sets used the semi-log form was superior to 
9 
other forms. Griliches (1977) notes that use of the semi-log form can 
^Another source of bias may be the effects of marginal tax rates. 
The marginal effect could be larger for farm families because they re­
ceive farm income as well as unearned income and wage incomes. No attempt 
is made to treat the estimated wage rates for taxes. For a discussion of 
market labor supply by farmers and tax effects, see Welch (1978). For a 
discussion concerning endogeneity of tax rates and nonlinear budget con­
straints due to progressive tax rates see Wales and Woodland (1977). 
^See Hanoch (1976) and Heckman (1974). 
^The Box and Cox technique of comparison between functional forms 
was employed. 
58 
be interpreted as arising from a cost function, where assuming education 
produces human capital, the only cost is foregone income while in school. 
Then assuming the increment in log wages of an additional year in school 
is constant in perpetuity, the estimated coefficient of schooling in such 
an equation has the interpretation of the rate of return to the invest­
ment in schooling. 
A concern in the production of human capital is the role of experi­
ence as well as education. Mincer (1974), Ben-Porath (1967), and Griliches 
(1977) have examined problems in estimating the role of experience. 
Relevant experience in the labor market which contributes to the produc­
tion of human capital is not readily measurable. If the number of years 
in the labor market is taken as the experience measure, the experience 
term contains both life-cycle and depreciation effects. These factors 
confuse the issue of relevant experience, auman _apital prouuctlou, aud 
earnings. Earnings profiles presented by Miner (1974) show, however, 
that the log of earnings performs well consistently when relating earnings 
to age and experience. 
Farm income 
An estimate of permanent income from the farm, rather than net farm 
income computed for the survey year, is used as the farm income variable. 
Sales of agricultural products and costs of agricultural inputs were col­
lected in the survey. However, net farm income is subject to wide year-
to-year variations. These variations are of a transitory nature due in 
^^Griliches (1977) further analyzes the role of "ability" as a 
left out variable in estimating earnings. 
59 
part to abnormal U.S. weather conditions and changes in export demand 
for U.S. agricultural products. Furthermore, at a given point in time, 
the prices different farmers receive for the same type of output would 
be observed to vary mainly by transport costs. However, over time due to 
the use of forward contracts, storage, and livestock to convert grain and 
roughage to other agricultural products, wide variations in received 
prices between farm operators for the same product are possible. For 
these reasons, net farm income was not used. 
Permanent farm income from farm sources is determined by using the 
county average dollar value per acre for farm land multiplied by the owned 
acres.This establishes an approximate gross farm value. Debt solely 
on the land is then subtracted from the gross farm value, yielding approx-
mate net farm worth. The state average rental return on farm land for 
Iowa since 1968 is Û.U4/. The rate has generally been quite stable over 
time, although two extremes of 0.074 in 1973 and 0.027 in 1977 are re­
ported. This average rate is then multiplied by the net farm worth to 
estimate a permanent farm income from farm sources. The rate of return 
is exclusive of the appreciation of farm land values. 
Machinery and livestock values are dependent upon decisions over time 
regarding the farm business and are excluded from the measure of net farm 
worth. If operators tend to reduce their debt-equity ratio as time in 
farming increases, the method described above may introduce a life-cycle 
bias. Younger farmers may be observed to have significantly higher 
^^See Harris et al. (1978a) for the establishment of farm land values 
in Iowa. 
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debt-equity ratios due to the nature of the agricultural market. Analy­
sis of survey results show that the youngest farm operators own less land 
but have debts on farm equipment and livestock. As age rises, land debt 
is increased and then later decreases. This would seen to indicate farm 
operators enter farming by initially owning equipment and renting land. 
A weakness of this measure of permanent farm income is that farm house­
holds owning no land or holding debts on land equivalent to the gross 
value of the farm will have a permanent farm income estimate of zero. 
Nonwage nonfarm income 
Earnings from numerous nonfarm nonwage sources were reported in the 
survey. They, however, contain transitory components, so an estimate of 
the permanent income from such sources is used as the measure of nonwage 
nonfarm income. Survey respondents reported the estimated value of non-
farm businesses, stocks, bonds, mutual funds, nonfarm real estate, loans 
to other individuals, and savings accounts. Net value is determined by 
subtracting outstanding debts from the reported market value. An oppor­
tunity return on capital of 0.07 is multiplied by the net worth to esti­
mate nonfarm nonwage permanent income. 
The nonwage nonfarm permanent income measure does not include trans­
fer payments and welfare assistance. The reason is that this type of 
income measure should not include income that is conditional on labor sup­
ply decisions. For nonfarm workers. Smith (1972) argues that accumulated 
assets are also endogenous because they are often generated by past earn­
ings. Time preferences play a role in wealth accumulation decisions. 
Some individuals prefer to work more hours early in life so they can 
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accumulate larger asset holdings and then to work less later in life or 
to leave larger bequests. Stability of the income stream from accumu­
lated assets may affect household behavior. This result arises from var­
iations in the expected rate of return, liquidity, and current versus 
expected capital gain income. The acquisition of some household assets 
may also depend on potential market employment, especially if the acqui­
sition is financed through consumer debt or family mortgages. The esti­
mate of nonfarm nonwage permanent income employed here excludes these 
assets of own housing and automobiles as well as the more commonly-held 
types of consumer assets and debts. 
The problem of assigning a rate of return to asset holdings is dis­
cussed by Garfinkel (1971). Due to variations in risk and the relative 
liquidity of various assets, the rate of return may vary considerably 
among asset holdings. Greenberg (1972) argues that two arbitrary deci­
sions would be required if attempts are msde to categorize and separate 
asset holdings rather than use an aggregate. First, the classification 
of assets requires development of some arbitrary distinction, and second, 
a rate of return for each asset must be chosen. Greenberg (1972) asserts 
that an asset aggregate and an approximate average rate of return on it 
may be preferable. 
In the estimation of permanent incomes employed in this analysis, 
the family's assets have been divided into two groups, farm and nonfarm 
assets. The assumption is that farm assets are also inputs in the joint 
farm and household production function while nonfarm assets comprise the 
holdings of the family's nonfarm wealth in various degrees of liquidity. 
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Capital services 
The estimate of the annual value of the stream of services from 
household capital goods is based on the farm household's response to own­
ership questions on twenty household durable goods and appliances, as 
well as housing characteristics and automobile mileage. Table 4.1 gives 
a complete list of the applicances and durable goods included in the sur­
vey. These durable goods are considered to be primarily capital goods 
used in work around the home and exclude most recreational oriented cap­
ital inputs. No information on the stock of household furniture, books 
or reference materials, or on kitchen serving wares was collected. 
The dollar value of the services frcm household appliances and dur­
able goods is a function of the estimates of the length of useful life, 
rate of interest, and original market price. Appendix B contains a 
complete list of the estimated ages, useful life spans, original market 
prices, and the method of calculation of the estimated value of services. 
Annual rental rates on farm housing are also derived in Appendix B by an 
instrumental variable approach. The annual mileage reported for auto­
mobiles (excluding pick-up trucks) was multiplied by a cost of $0.14 to 
estimate the annual value of services from automobiles. For those house­
holds where the husband or wife had nonfarm employment off the farm, some 
of the reported mileage represent employment costs. No attempt has been 
made to estimate miles driven to off-farm jobs. 
The capital service estimate employed in this analysis is an esti­
mate of the annual rental value of the household's basic durable goods. 
The value of the capital stock should be the present discounted value of 
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Table 4.1. Household durable goods listed in Iowa Farm Family Survey 
Household durable goods 
1. Automatic clothes washer 
2. Wringer washer 
3. Automatic clothes dryer 
4. Refrigerator 
5. Stove 
6. Food freezer 
7. Automatic dishwasher 
8. Microwave oven 
9. Sewing machine 
10. Vacuum cleaner 
11. Lawn mower 
12. Garden tractor or tiller 
13. Electric fry pan 
14. Electric mixer 
15. Electric blender 
16. Electric toaster 
17. Electric can opener 
18. Slow cooker (Crockpot) 
19. Electric iron 
20. Electric hair dryer 
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all future net rents from the capital goods. The household demands ser­
vices from the capital stock for (joint farm and) household production. 
The value of these services in a well-functioning market would be the 
rental rates on the capital goods. The value of the capital services 
calculated by the method shown in Appendix B is the measure of the annual 
rental value used in this study. 
The capital service measure may understate the total value of the 
stream of services to the household due to left-out capital goods. As 
noted previously, no information was collected with regard to household 
furnishings, as well as clothing, and some small household power tools. 
It is clear that these goods also provide services over several years. 
A summary of the variables 
Table 4.2 lists and gives a brief empirical definition of all the 
variables used in this study, including ones not previously discussed. 
Table 4.3 reports the means and standard deviations of these variables. 
Chapter V presents estimates of the wage equations for the husbands 
and wives. The household's time allocations are presented in Chapter VI, 
and the household's capital-labor ratio regressions and the capital ser­
vice equations are reported in Chapter VII. 
Functional Form 
In order to solve for the specific functional form of the reduced 
form equation (29), it would be necessary to know the particular func­
tional form of the farm and home good production function and the 
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Table 4.2. Definitions of survey variables 
Variables and definitions 
(a) Education—measured in years of formal education, includes ele­
mentary, intermediate, high school, and college years. Respondents 
were asked to state the highest grade completed. Vocational edu­
cation in a business or trade school is not included in this 
measure. 
(b) Experience—a measure of post schooling experience. It is not a 
true measure of nonfarm wage labor experience. The experience 
measure is calculated for each respondent by subtracting the sum 
of 6 years plus the years of formal education completed from the 
currently reported age. 
(c) Operated acres—a measure of the operational size of the farm. The 
operated acres of the farm is equal to the number of acres owned 
and operated plus any acres rented in and operated. 
(d) Miles to SMSA—the distance, in miles, from the farmstead to the 
nearest Standard Metropolitan Statistical Area. 
(e) Miles to city—the distance, in miles, from the farmstead to the 
nearest city with a population of 10,000 or more. 
(f) Age of house—the age of the farm house, in years. 
(g) Rooms in house--total number of rooms in the farm house. 
(h) Number of children—the children in the household under 21 years 
of age are divided into four age groups, 0-3, 4-6, 7-11, 12-20. 
Each group contains the number of children within that age span 
living in the household. 
(i) Number of household members--number of household members other than 
the children at home under 21 years of age. 
(j) Years marricd--a measure of the age of the household, the number of 
years the husband and wife have been married. 
(k) Owned acres--total acres owned by the farm family, whether operated 
or not. 
Table 4.2 (Continued) 
Variables and definitions 
(1) Farm labor—work on the farm including chores, caring for live­
stock, repairing buildings and equipment, keeping records, field 
work, buying and selling, and custom and contract work performed 
for other farm operators, measured in annual hours. 
(m) Household labor—work around the home including, gardening, child 
care, house cleaning, food preparation, and laundering, measured 
in annual hours. 
(n) Off-farm labor—work off the farm for a wage or salary, does not 
include self-employed labor time or custom or contract work for 
other farm operators, measured in annual hours. 
(o) Leisure—the residual of 6205 hours minus the reported hours of 
farm labor, household labor, and off-farm labor, measured in annual 
hours. 
household's utility function. A common assumption in time allocation 
studies is that home goods production takes place under fixed coefficient 
production functions, but in this study no specific form of the farm and 
household production function and of the household's utility function 
have been assumed. 
The four time allocation equations of both the husband and wife, 
the household capital service equation, and the capital-labor ratio equa­
tion, are assumed in this analysis to be linear functions of the exoge­
nous variables. Linearity of form may rrt be an unreasonable approxima­
tion when dealing with small changes in exogenous variables. Economic 
theory does not provide any particular information about the specific 
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Table 4.3. Means and standard deviations of survey variables 
Variable Mean 
Standard 
deviation 
Husband's age 
Husband's education 
Wife's age 
Wife's education 
Years married 
Number of children in household 
Number of persons in household 
Total annual hours, labor: Husband 
Farm 
Nonfarm 
Household 
Total annual hours, labor: Wife 
Farm 
Nonfarm 
Household 
Husband's nonfarm wage 
Wife's nonfarm wage 
Farm income (permanent) 
Nonfarm income (permanent) 
Acres owned 
Acres operated 
Distance to nearest SMSA 
Distance to nearest city of 10,000 
Age of house 
Rooms in house 
47.8 
11.3 
45.3 
12.7 
22.7 
1 . 6  
3.6 
2,601.6 
285.3 
243.2 
416.1 
262.6  
2,298.0 
5.8 
5.1 
10,923.3 
690.1 
190.6 
332.5 
45.1 
27.9 
57.7 
7.1 
13.3 
2 . 2  
12.8 
1.7 
12 .2  
1.7 
1.7 
1,233.2 
666.9 
327.7 
629.8 
585.5 
1,266.0 
2.9 
14.5 
13,573.7 
2,936.6 
210.8 
256.3 
2 2 . 2  
14.5 
30.3 
1.7 
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functional form. Furthermore, previous studies of time allocation of 
individuals among productive activities by Bryant (1976), Evenson (1978), 
Grama (1974), Gronau (1973a, 1973b, 1977), and Leibowitz (1975) have em­
ployed linear functional forms. 
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CHAFEER V. ESTIMATES OF THE WAGE EQUATIONS 
This chapter presents estimates of the wage equations for husbands 
and for wives. They are of semi-log functional form, and chey are fitted 
by the method of ordinary least squares to the observations where hus­
bands and wives report positive annual hours of off-farm wage work. One 
of the fitted equations for husbands and for wives is used to predict 
their respective wage rates or opportunity cost of time for use in Chap­
ters VI and VII. 
Husband's Wage Equation 
Estimates of the husband's off-farm wage equation are reported in 
Table 5.1. The main difference in the equations are the use of age versus 
experience variables and the measure of distance from cities of different 
size.^ Some variables are also squared and includbC in the regression 
to test for linearity of marginal effects of a particular variable on the 
wage rate. In terms of expectations and general agreement with other 
studies, all the signs of the estimated coefficients are consistent. 
The empirical studies surveyed by DaVanzo, Detray, and Greenberg 
(1973) use measures of labor market experience rather than age as explan­
atory variables. In studies of the production of human capital, education 
and experience have been shewn to perform well consistently in explaining 
the returns to human capital, measured as wage rates or annual earnings, 
^The experience measure is highly correlated with age, the correla­
tion coefficient is .98 and is significant at the .001 level. 
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Table 5.1. Estimates of husband's off-farm wage equation, 1976 
Variables Regression equation 
Constant 
Age 
Age squared 
Education 
Education squared 
Experience 
Experience squared 
Operated acres 
Operated acres squared 
Miles to SMSA 
Miles to SMSA squared 
Miles to city 
Miles to city squared 
Dummy variable 
Continuous work off-farm 
F-ratio 
N 
0.4666 
(1.40) 
0.411 
(0.52) 
0.068 
(3.36) 
0.033 
(3.48) 
-0.0007 
(-3.54) 
0.00095 
(3.10) 
-0.0000006 
(-3.71) 
•0.0214 
(-2.74) 
0.00031 
(2 .70)  
0.292 
(3.59) 
0.077 
(0.61) 
-0.0004 
(-0.07) 
0.033 
(3.25) 
-0.0007 
(3.25) 
0.00096 
(3.07) 
-0.0000006 
(-3.69) 
-0.022 
(-2.73) 
0.00031 
(2 .68 )  
0.293 
(3.52) 
-1.32 
(-1.54) 
0.065 
(1.94) 
-0.0008 
(-2.90) 
0.195 
(1.61) 
-0.005 
( -1 .08)  
-1.13 
(-1.25) 
0.069 
(3.06) 
-0.0008 
(-3.04) 
0.149 
(1.22) 
-0.0033 
(-0.65) 
0.00098 0.0009 
(3.13) (2.92) 
•0.0000006 -0.0000006 
(-3.71) (-3.70) 
-0.0094 
(-1.33) 
0.00007 
(0.99) 
-0.0215 
(-2.71) 
0.0003 
(2.69) 
0.301 
(3.60) 
0.286 
(3.19) 
.2839 
8.573 
182 
.2839 
7.577 
182 
.2749 
7.246 
182 
.2573 
6.619 
182 
^Dependent variable=natural log of husband's measured off-farm wage; 
t-ratios are in parentheses. 
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e.g. Mincer (1974), Chez and Becker (1975), and Ben-Porath (1967). The 
postschool work experience used in this study is defined in Chapter IV. 
It is approximately equal to the number of years that have past since 
the husband left formal school. This measure is not necessarily a true 
measure of a husband's market experience. However, no direct information 
was available in the survey on length of nonfarm employment experience. 
This measure of experience performed well when its level and its squared 
level were included in the regression. The negative estimated coeffici­
ent of the squared term implies that the marginal effect of experience 
on the log wage rate declines as experience increases. 
Distance from prominent employment opportunities was measured in two 
forms, miles to the nearest Standard Metropolitan Statistical Area (SMSA), 
and miles to the nearest city of 10,000 or more people. A comparison of 
regression equation (3) and (4) shows that distance in miles to a city 
of 10,000 or more people consistently performed better in explaining the 
husband's wage rate than distance to the nearest SMSA. When both the 
SMSA and smaller city distance variables were included in the equation, 
2 
the effect was to substantially diminish the significance of either one. 
The only information on the nature of off-farm employment was the 
continuous off-farm dummy variable. It was included to capture the effect 
of differences arising between wage rates for those husbands working on 
2 Distance from actual employment off-farm was reported, however, 
this measure is only available for those husbands and wives reporting off-
farm employment and therefore was unacceptable as an explanatory variable 
in the instrumental variable estimate of wage rates. 
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a continuous off-farm basis from those employed on a seasonal or occa­
sional basis. The estimated coefficient of the variable, which is signif­
icantly different from zero in all regressions, implies a 29 percent in­
crease in the vsga rate when the husband reports continuous as opposed 
to discontinuous off-farm wage work. 
Equation (1) in Table 5.1 is the regression used to predict the hus­
band's wage rate. In equation (1), the coefficient of education is posi­
tive and significantly different from zero. As noted in Chapter IV, the 
interpretation of this coefficient is often associated with a human cap­
ital production function in which the only cost of additional schooling 
is an individual's foregone earnings. The estimated coefficient of the 
husband's education is then interpreted as an estimate of a rate of re­
turn on investment in schooling. The results shown here, approximately 
7 percent, correspond closely with results shown by Mincer (1974) and many 
others, for nonfarm wage workers. 
The postschool experience variable has a positive coefficient in 
level and a negative coefficient when squared and both coefficients are 
significantly different from zero at the 10 percent level. These results 
indicate diminishing marginal returns to experience. A negative effect 
on the nonfarm wage rate occurs when the level of postschool experience 
reaches 45.8 years. This level of experience is reached by the average 
husband in the survey at approximately an age of 62 years. Numerous 
studies of wage profiles indicate declining wage rates late in the wage 
3 
earning age span. 
3 
For family and male wage rate profiles see Mincer (1974) and Ghez 
and Becker (1975, for females see Leibowitz (1975). 
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The operated acres also has a positive coefficient on the level and 
a negative coefficient on the squared term. This seems to indicate that 
as farm size increases, the wage necessary to pull the husband into the 
off-farm labor market increases, but at a decreasing rate. A negative 
marginal effect of operated acres occurs at 1581 acres. Only four farms 
in the survey exceeded this size. It is possible that this variable may 
in fact be predicting the probability of continuous versus noneontinuous 
labor force participation, and as such introduce some degree of sample 
4 
selection bias. This variable may also pick up productivity effects. 
The operated acres may be a proxy for nonmarket productivity measures. 
As mentioned in Chapter I, several studies have found market and nonmar­
ket productivity to be positively related, and nonmarket measures of non-
market productivity to be at best difficult to render amenable to econo­
metric analysis. Its presence may also be justified as a parameter of 
the labor demand for the farm labor of the husband and no doubt some de­
gree of simultaneity exists between the size and extent of farm operation, 
farm labor, and market labor supply. 
The variable distance in miles to a city of 10,000 or more people 
has a negative coefficient in level and a positive coefficient when 
squared. In view of the possible importance of commuter costs and net 
wages this result deserves further examination, although such costs are 
not treated in this study. Over an agricultural plane, cities of 10,000 
or more might act as nodal centers. In this case, it would not be 
-
See Heckman (1976) for a discussion of labor force participation 
prediction effects in explanatory variables used for the instrumental 
variable estimate of wage rates. 
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unreasonable for the observed wage pattern to show higher wages in these 
centers and show declining wage as distance from the center increases, 
as in a Von Thunen concentric ring pattern. This parallels similar re­
sults observed in urban wage studies. The marginal effect of distance 
becomes positive at 69.1 miles. The maximum distance reported in the sur­
vey is 75 miles, and few observations exceed 60 miles. 
Vocational training, either in high school or in a business or trade 
school, measured in years, did not have coefficients that were consis­
tently significant. Dummy variables were also created to test for effects 
of high school or college graduation on wage rates for both the husband 
and wife, and these variables had coefficients that were not statisti­
cally significant. Education was also split into subgroups, elementary, 
intermediate, high school, college, and graduate school. Such groupings 
failed to indicate significant differences arising in these effects for 
either the husband's or wife's off-farm wage rates. A health rating var­
iable was also consistently insignificant. A dummy variable for those 
reporting more Chan three weeks work missed due to health-related prob­
lems failed to be significant. 
Regional wage differences in the state due to varying wage and em­
ployment opportunities were also tested. Dummy variables were created 
based upon commuting regions within the state by functional economic areas, 
but at a 50 percent and 5 percent level from a regional analysis by Berry 
(1968). Neither set of dummy variables proved to have explanatory power. 
Another dummy variable was created to test for the effect on wage rates 
of a home county being the center of a functional economic area. This 
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variable also proved to be insignificant. 
Wife's Wage Equation 
Estimates of the wife's off-farm wage equation are reported in Table 
5.2. The main differences in the equations are the use of age versus 
experience and the measure of distance from cities of different size. 
Some variables are also squared and included in the regressions to test 
for linearity of marginal effects of a particular variable on the wage 
rate. 
Operated farm acreage was not significant for the wife in explaining 
nonfarm wage rates. This may indicate that those wives participating in 
the nonfarm labor market have little participation in the farm operation, 
or farm size may not be related to the wife's nonmarket productivity. 
The coefficient of wife's education is negative and of wife's edu­
cation squared is positive. After 10 years of education the results imply 
that added years of education increase the wife's wage rate. Only 78 
wives in the survey reported years of education of 8 or less. Therefore, 
the negative marginal effect of education is minimal for the imputed wage 
rate of wives. 
As in the case of the husband, the postschool work experience term 
performed well. For the wife, like the husband, the level experience term 
has a positive coefficient and the squared term has a negative coefficient. 
The results imply that the negative effect on wage rates occurs at a 
level of 38.8 years of measured experience (45.8 years for the husband). 
For the average wife, wage rates would begin to decline at approximately 
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Table 5.2. Estimates of wife's off-farm wage equation, 1976^ 
Regression equation 
Variables 1 2 3 4 
Constan; 2.218 
(1.89) 
2.228 
(1.88) 
-0.057 
(-0.05) 
1.95 
(1.63) 
Age 0.076 
(2.56) 
Age squared -0.0009 
(-2.56) 
Education -0.315 
(-1.75) 
-0.323 
(-1.78) 
-0.145 
(-0.83) 
-0.277 
(-1.53) 
Education squared 0.016 
(2.28) 
0.016 
(2.30) 
0.009 
(1.41) 
0.014 
(2.05) 
Experience 0.0388 
(3.09) 
0.036 
(3.78) 
0.038 
(2.99) 
Experience squared -0.001 
(-3.20) 
-0.001 
(-2.98) 
-0.001 
(-3.08) 
Operated acres 0.0005 
(0.70) 
Operated acres squared -0.0000007 
(-0.77) 
Miles to city 0.017 
(1-79) 
Miles to city squared -0.0003 
(-1.85) 
Miles to SMSA 0.0109 
(1.46) 
0.011 
(1.48) 
0.011 
(1.43) 
Miles to SMSA squared -0.0001 
(-1.87) 
-0.0001 
(-1.89) 
-0.0001 
(-1.84) 
Dummy variable 
Continuous work off-farm 0.195 
(1.67) 
0.117 
(1.62) 
0.118 
(1.66) 
0.195 
(1.67) 
.1940 .1971 .1754 .1838 
F-ratio 5.294 4.147 4.681 4.955 
N 162 162 162 126 
^Dependent variable = natural log of wife's measured off-farm wage; 
t-ratios are in parentheses. 
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5 
age 56. 
Miles to an SMSA performs better than distance to the smaller city, 
which was used in the husband's wage rate equation. Miles has a positive 
coefficient and miles squared has a negative coefficient. The results 
imply that at 109 miles the distance to an SMSA has a negative effect on 
the wife's nonfann wage rate. This distance is near the maximum of 117 
miles observed in the survey. The increase in the wage rate for greater 
distances from an SMSA may be due to rising ccmmuting costs for wives, 
necessitating receipt of higher wages, especially since the inflection 
point on wages occurs near the maximum distance. The distance measure 
for employment opportunities in the husband's wage estimate is to a city 
of 10,000 or more people. It is not unreasonable to assume that the hus­
band and wife participate in different labor markets. This would be 
especially true if differences exist in wages and market entry costs. 
Vocational training in high school, business or trade school failed 
to contribute significantly to explaining the wife's wage rate. Similar 
results were also noted for the husband. 
The same set of dummy variables used to test for wage differences 
in the husband's wage equation were also used in the wife's wags equation 
with similar results. 
\lthough Leibowitz (1975) segments the sample in the study of 
women's market labor supply on the basis of education, in general the 
age profile is quite similar. 
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CHAPTER VI. ESTIMATES OF TIME ALLOCATION EQUATIONS 
This chapter presents estimates of the reduced form household sup­
ply function for market labor and the reduced form household demand func­
tions for farm labor, leisure, and household labor for both husbands and 
wives. All equations contain the same set of explanatory variables to 
maintain symmetry of effects across time allocation equations. All equa­
tions are linear in the levels of the endogenous and exogenous variables 
and are estimated by the method of ordinary least squares. 
Summary of Signs of Estimated Coefficients 
The results are summarized in Tables 6.1, 6.2, and 6.3. Table 6.1 
presents the signs of the estimated coefficients that are significantly 
different from zero at the 10 percent level, and Tables 6.2 and 6.3 pre­
sent estimates of the time allocation equations for the husband and wife, 
respectively. 
The results reported in Table 6.1 show that the husband's time allo­
cation depends heavily on economic variables such as permanent farm and 
other income, imputed wages for both the husband and wife, and the oper­
ated acres of the farm. The wife's time allocations are explained by 
household composition and size rather than by wage and income effects. 
Almost no cross-person effect is significant at the 0.10 level in the 
wife's time allocations. The results for cross-person wage effects are 
different than those reported by DaVanzo, Detray, and Greenberg (1973) 
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Table 6.1. Signs of estimated coefficients for variables in time allo­
cation equations^ 
m r p r T » r p f p » p m f n  
IW IF IL IH 2W 2F 2L 2H 
Wife's age + 
Husband's age - - + 
Wife's education - + 
Husband's education + 
Farm income, permanent - + -
Other income, permanent + - + + - - + 
Wife's wage, imputed + 
Husband's wage, imputed - + 
Operated acres - + - -
Number of children 
Ages 0-3 - + - - + 
Ages 4-6 + - - + 
Ages 7-11 - + 
Ages 12-20 + - + 
Number of household members 
other than children + - - + 
Years married 
Rooms in house - + 
Dummy variables 
Husband worked off-farm + - + 
Husband worked off-farm 
continuously + 
Wife worked off-farm - + - -
Wife worked off-farm 
continuously + - + 
Poor health: Husband + 
Poor health: Wife + 
Hired house labor + 
Dairy farm operation - + - - -f 
®The signs reported here are for estimated coefficients of explana­
tory variables in Tables 6.2 and 6.3 that are significantly different from 
zero at the 10 percent level. 
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for studies of urban wage earners. The findings of this study indicate 
that the wife's imputed wage is significant in the husband's time allo­
cation estimates, but the husband's imputed market wage is not signifi­
cant in the wife's estimated time allocation equations. 
Discussion of Estimates of Time Allocation Equations 
In this section, the estimated coefficients of the off-farm labor 
supply and of the farm labor, leisure, and household labor demand func­
tions are presented and discussed. Equations for husbands are reported 
in Table 6.2 and for wives in Table 6.3. The estimated coefficients are 
compared for consistency to the predictions of the model developed in 
Chapter II and to other empirical studies. The discussion emphasizes 
the estimated coefficients of variables measuring incrane, wage rate, edu­
cation, and household compositional effects. 
The effects on the husband's and wife's time allocation of a margi­
nal change in any one of the predetermined variables can be easily traced 
in Tables 5.2 and 6.3. For each explanatory variable, the summation across 
the four time allocation regressions of the estimated coefficients equals 
zero. Although each of the equations was estimated separately and with­
out restrictions on coefficients across equations, the summing-to-zero 
property arises because each of the equations is a linear function of the 
levels of the same set of variables and because the total amount of time 
for each person being allocated among the four categories is the same 
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Table 6.2. Estimates of equations for supply of off-farm work and de­
mand for farm labor, household labor, and leisure: Husbands, 
1976® 
Market Farm Leisure Home 
Constant 105.42 3067 .33 2839 .22 193 .03 
(0.581) (6 .74) (6 .74) (1 .57) 
Wife's age 3.46 19 .30 -25 .31 2 .44 
(0.79) (1 .77) (-2 .32) (0 .83) 
Husband's age -8.43 -32 .05 39 .83 0 .65 
(-2.10) (-3 .18) (3 .98) (0 .24) 
Wife's education -5.43 -105 .19 115 .74 -5 .13 
(-0.49) (-3 .81) (4 .31) (-0 .69) 
Husband's education 26.48 -9 .27 -23 .72 6 .52 
(2.58) (-0 .36) (-0 .92) (0 .93) 
Farm income, permanent 0.002 -0 .005 0 .002 0 .002 
(1.46) (-1 .63) (0 .57) (1 .75) 
Other income, permanent 0.011 -0 .06 0 .042 0 .006 
(2.26) (-4 .71) (3 .34) (1 .79) 
Operated acres -0.254 0 .91 -0 .49 -0 .17 
(-3.22) (4 .58 (-2 .47) (-3 .12) 
Wife's wage, imputed 16.69 207 .10 -225 .10 70 .07 
(0.74) (3 .62) (-3 .96) (3 .01) 
Husband's wage, imputed -60.68 111 .21 -58 .74 8 .20 
(-3.13) (2 .29) (-1 .21) (0 ,62) 
Number of children. 
Ages 0-3 26.49 111 .21 -207 .77 70 .07 
(0.77) (1 .29) (-3 .96) (3 .01) 
Ages 4-6 86.61 -157 .65 44 .22 26 .82 
(2.51) (-1 .82) (0 .51) (1 .15) 
Ages 7-11 9.33 41 .11 -50 .36 -0 .079 
(0.41) (0 .72) (-0 .89) (-0 .01) 
^Ordinary least squares regression, t-ratios in parentheses. 
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Table 6.2 (Continued) 
Market Farm Leisure Heme 
Number of children 
Ages 12-20 
42.22 
(3.38) 
-64.39 
(-2.05) 
24.83 
(0.80) 
-2.67 
(-0.31) 
Number of household members, 
(Other than children) 
37.05 
(0.96) 
189.10 
(1.95) 
-193.40 
(-2.00) 
-32.75 
(-1.25) 
Years married 0.72 
(0.30) 
-1.55 
(-0.26) 
4.28 
(0.71) 
-3.45 
(-0.35) 
Rooms in house 4.45 
(0.52) 
1.12 
(0.05) 
-3.53 
(-0.17) 
-2.04 
(-0.35) 
Dummy variables 
Husband worked off-farm 643.36 
(12.61) 
-444.95 
(-3.47) 
-152.20 
(-1.19) 
-46.20 
(-1.33) 
Husband worked off-farm 
continuously 
837.53 
(13.28) 
-953.17 
(-6.02 
69.85 
(0.44) 
45.80 
(1.07) 
Wife worked off-farm -133.70 
(-2.55) 
-59.65 
(-0.45) 
143.83 
(1.10) 
49.53 
(1.39) 
Wife worked off-farm, 
continuously 
167.65 
(2.96) 
37.02 
(0.26) 
-246.18 
(1.74) 
41.51 
(1.08) 
Poor health; Husband -142.10 
(-1.14) 
-400.43 
(-1.28) 
559.92 
(1.80) 
-17.4U 
(-0.21) 
Poor health: Wife 2.26 
(0.02) 
-67.62 
(-0.23) 
-55.03 
(-0.19 
120.40 
(1.54) 
Hired household help 58.52 
(0.72) 
-197.93 
(0.98) 
225.50 
(1.11) 
-86.10 
(-1.56) 
Dairy farm operation -112.75 
(-2.79) 
1036.15 
(10.20) 
-830.33 
(-8.22) 
-93.10 
(-3.39) 
.6994 .3953 .2816 .091! 
F-ratio 75.34 21.17 12.69 3.26 
N 801 801 801 801 
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Table 6.3. Estiaaates of equations for supply of off-farm work and de­
mand for farm labor, household labor and leisure; Wives, 
1976* 
Market Farm Leisure Home 
Constant 70.30 
(0.42) 
1705.45 
(6.03) 
3086.9 
(6.89) 
1342.35 
(3.01) 
Wife's age 0.19 
(0.05) 
-2.85 
(-0.42) 
-3.28 
(-0.30) 
5.94 
(0.55) 
Husband's age 0.773 
(0.21) 
-8.26 
(-1.32) 
15.20 
(1.54) 
-7.71 
(-0.78) 
Wife's education 4.21 
(0.41) 
-34.27 
(-2.00) 
16.25 
(0.60) 
13.80 
(0.61) 
Husband's education 3.49 
(0.37) 
-13.02 
(-0.81) 
12.82 
(0.51) 
-3.30 
(-0.13) 
Farm income, permanent -0.0018 
(-1.48) 
0.0002 
(0.07) 
0.0059 
(1.84) 
-0.0042 
(-1.33) 
Other income, permanent -0.0084 
(-1.78) 
-0.015 
(-1.91) 
0.026 
(2.08) 
-0.0024 
(-0.20) 
Operated acres 0.082 
(1.12) 
-0.039 
(-0.32) 
-0.10 
(-0.51) 
0.056 
(0.29) 
Wife's wage, imputed 7.68 
(0.36) 
36.55 
(1.03) 
14.93 
(0.27) 
-59.17 
(-1.06) 
Husband's wage, imputed -12.82 
(-0.71) 
8.36 
(0.28) 
-26.20 
(-0.55) 
30.66 
(0.64) 
Number of children. 
Ages 0-3 
-33.82 
(-1.06) 
-110.32 
(-2.07) 
-463.93 
(-5.49) 
608.07 
(7.22) 
Ages 4-6 -62.24 
(-1.95) 
-72.17 
(-1.34) 
-56.36 
(-0.66) 
190.78 
(2.25) 
Ages 7-11 -26.70 
(-1.27) 
-9.77 
(-0.28) 
-178.78 
(-3.19) 
215.25 
(3.86) 
^Ordinary least squares regression, t-ratios in parentheses. 
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Table 6.3 (Continued) 
Market Farm Leisure Home 
Number of children 
Ages 12-20 
-6.77 
(-0.58) 
-21.48 
(-1.10) 
-27.17 
(-0.88) 
55.42 
(1.80) 
Number of household members, 
(Other than children 
12.75 
(0.36) 
-72.44 
(-1.20) 
-318.92 
(-3.34) 
378.60 
(3.48) 
Years married -3.22 
(-1.44) 
3.52 
(0.93) 
-5.15 
(-0.86) 
4.85 
(0.82) 
Rooms in house -12.83 
(-1.62) 
-27.87 
(-2.10) 
0.46 
(0.02) 
40.24 
(1.92) 
Dummy variables 
Husband worked off-farm -27.19 
(-0.57) 
154.10 
(1.94) 
66.18 
(0.53) 
-193.10 
(-1.54) 
Husband worked off-farm, 
continuously 
43.14 
(0.74) 
-134.85 
(-1.37) 
63.11 
(0.41) 
28.60 
(0.18) 
Wife worked off-farm. 532.10 
(10.92) 
-154.58 
(-1.89) 
-152.41 
(-1.18) 
-225.06 
(-1.74) 
Wife worked off-farm, 
continuously 
667.7 
(12.7) 
-92.97 
(-1.06) 
-176.32 
(-1.26) 
-398.31 
(-2.86) 
Poor health: Husband 88.33 
(0.76) 
241.35 
(1.24) 
-138.15 
(-0.45) 
-191.54 
(-0.62) 
Poor health: Wife -62.0 
(-0.58) 
-195.26 
(-1.09) 
538.81 
(1.90) 
-281.56 
(-1.00) 
Hired household help 102.57 
(1.36) 
-154.04 
(-1.21) 
339.11 
(1.69) 
-287.63 
(-1.44) 
Dairy farm operation -48.39 
(-1.29) 
534.26 
(8.47) 
-394.02 
(-3.95) 
-91.85 
(-0.92) 
.6714 .1537 .1889 .2354 
F-ratio 66.15 5.88 7.54 9.97 
N 801 801 801 801 
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constant, 6205 hours.^ 
The analysis which follows exaii:iiies the systematic effects across 
the time allocations regression equations of both the husband and the wife 
of individual explanatory variables. 
Permanent farm income 
The coefficient of permanent farm income is negative in the hus­
band's farm labor equation but is positive in his other three time alloca­
tion equations. It is negative in the wife's market and home labor equa­
tions but is positive in the leisure and farm labor equations. The co­
efficient of permanent farm income, however, is significantly different 
from zero at the 10 percent level only in the husband's farm and house­
hold labor equations and in the wife's leisure time equation. A one-
thousand dollar increase in permanent farm inccane reduces the husband's 
farm labor 5 hours annually and increases his household labor 2 hours an­
nually. The remaining three hours may be added to market labor, although 
the coefficient is less than one and one-half times the size of the 
standard error. The effect on the wife's time allocation of such an in­
crease in permanent farm income is an increase in leisure of 6 hours 
annually. This increase is drawn predominately from reduced household 
labor. These results are consistent with the time allocation model in 
Chapter III and results reported by Evenson (1978). 
The household's elasticities of demand for the husband's household 
^This summing-to-zero property makes one equation coefficients. 
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and farz: labor, and the wife's leisure with respect to changes in perma­
nent for income, evaluated at sample means are 0.09, -0.02, and 0.02, 
respectively. 
Permanent other income 
The coefficient of permanent other income has the same sign in each 
of the husband's time allocation equations as does the coefficient of 
permanent farm income, negative in the farm labor and positive in the 
other three time allocation equations. For wife's time, the coefficient 
is positive in the leisure equation and negative in the other three equa­
tions. The coefficient for permanent other income is significantly dif­
ferent from zero at the 10 percent level in all these time allocation 
equations except for the wife's household labor equation. A one-thousand 
dollar increase in other income increases the husband's market work 11 
hours annually, household labor 6 hours annually, and leisure 42 hours 
annually. These increases are a result of a decrease of 60 hours annually 
in the husband's farm labor. The same sized increase in permanent other 
income increases the wife's leisure 26 hours annually and decreases mar­
ket and farm labor 8.4 and 15 hours, respectively. 
While an increase in permanent other income causes some time alloca­
tion adjustment among the husband's work activities, clearly in the wife's 
case the income effect dominates as leisure rises and time in other 
activities declines. A spurious positive correlation between market labor 
supply and nonemployment income might arise because the size of nonemploy-
ment income is conditional upon nonfarm employment opportunities and 
decisions. The positive sign in the husband's household labor equation 
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is consistent with the findings shown by Rosenzweig (1977). 
The household's elasticities of demand for the husband's household, 
farm, and leisure time with respect to changes ia permanent other income, 
evaluated at sample means, are 0.02, -0.02, and 0.01, respectively. The 
elasticities of demand for the wife's farm and leisure time, evaluated 
at sample means, are -0.02 and 0.01, respectively. The elasticities of 
supply of market labor for the husband and wife with respect to permanent 
other income, evaluated at sample means, are 0.03 and -0.02, respectively. 
Husband's nonfarm wage 
The coefficient of the husband's imputed wage is positive in both 
his and his wife's farm and home labor equations and is negative in their 
market labor and leisure equations. However, the coefficient of the 
husband's imputed market wage is significantly different from zero at the 
10 percent level only in the husband's market and farm labor equations. 
The interpretation of the coefficient of the husband's imputed wage is 
changed by the inclusion in the regression equations of dummy variables 
to capture the effect of husband's off-farm work or market labor status. 
One dummy variable takes the value of 1 if the husband reports any off-
farm wage work during the year, and of 0 otherwise. The other dummy 
variable distinguishes between continuous and seasonal or sporadic em­
ployment . Therefore, the estimated coefficient of husband's imputed 
wage rate measures the marginal effect on time allocation, holding his 
market labor status constant. Without these dummy variables, one effect 
of a change in husband's wage rate would be to change his off-farm wage 
work status. 
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In the husband's equations, the signs of the husband's imputed wage 
are not consistent with the model of time allocation shown in Chapter 
III and the negative coefficient of the wage variable in the marekt labor 
equation is at variance with the majority of studies on urban wage work­
ers surveyed in DaVanzo, Detray, and Greenberg (1973). Using the model 
of time allocation developed earlier, an increase in the husband's market 
wage rate, assuming the husband is relatively more productive in farm 
labor than the wife, should reduce the aggregate of the husband's house­
hold labor and farm labor, holding other things constant. This reduction 
occurs if the husband is working in the market because the entrance into 
the market should now occur at a smaller number of hours of farm and 
household labor. It would be possible under such circumstances for the 
farm labor of the husband to rise, but only if the household labor of 
the husband falls by an even larger absolute amount than the increase in 
farm labor. Such a displacement is not suggested by the estimated coef­
ficients in the husband's time allocation equations. 
The estimated negative coefficient of the husband's imputed wage in 
the husband's market labor equation may be an indication of the severity 
of the truncation of this dependent variable. The Tobit estimation of 
the husband's market labor equation is shown in Appendix C. 
The elasticity of demand for the husband's farm labor with respect 
to his market wage is 0.21, evaluated at sample means. If the husband 
works, but not continuously, in the market, farm labor declines by 445 
hours annually. If he works continuously in the market, farm labor de­
clines by 1398 hours per year. Both coefficients of husband's off-farm 
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work dunnny variables are significantly different from zero at the 10 
percent level. Thus, the linear specification of the husband's farm 
labor equation impies that the elasticity of demand for his farm labor 
with respect to his imputed market wage is larger if he works off the 
farm. 
The elasticity of supply of the husband's market labor with respect 
to his imputed market wage is -1.23, evaluated at the sample means. The 
reader is cautioned that the dependent variable in this equation is ex­
tremely truncated, so Tobit estimates might differ greatly. However, the 
off-farm work status dummy variables eliminates a negative bias on the 
husband's wage coefficient that would otherwise exist because of the 
large number of observations that report zero hours of off-farm work. 
Wife's nonfarm wage 
The estimated coefficient of the wife's imputed wage is negative in 
the husband's leisure equation and positive in his other three equations. 
This wage coefficient is negative in the wife's home labor equation and 
positive in her other three equations. The wife's imputed wage coeffici­
ent is significantly different from zero at the 10 percent level, how­
ever, only in the husband's farm and leisure time equations. 
The interpretation of the coefficient of wife's imputed wage is 
conditioned by the wife's market labor status. The reason is the inclu­
sion in each regression of two dummy variables measuring wife's off-farm 
work status. The results imply that an increase in the wife's imputed 
market wage, other things equal, increases the husband's farm labor and 
decreases his leisure by similar magnitudes. These results are 
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consistent with the model of time allocation presented in Chapter III 
and with results reported by Gronau (1977). Two factors operate to in­
crease the husband's farm time and decrease his leisure. They are sub­
stitution and time displacement effects. If an increase in wife's 
imputed market wage increases her market labor and reduces her farm labor, 
then her husband increases his farm labor to replace her farm labor. 
The elasticity of supply of the wife's market labor with respect to 
her imputed market wage is 0.94, evaluated at sample means. This elas­
ticity is computed with a coefficient that is less than one-half its 
standard error. Again, the reader is cautioned that the dependent vari­
able is extremely truncated, so that Tobit estimates might differ greatly. 
The household's elasticities of demand for the husband's farm labor and 
leisure with respect to the wife's imputed market wage rate, evaluated 
at sample means, are 0.48 and -0.28, respectively. 
If the wife works, but not continuously, in the market, her farm and 
household labor decline by 155 and 225 hours per year, respectively. If 
she works in the market on a continuous basis, household labor declines 
398 hours annually. 
Husband's education 
The coefficient of husband's education is positive in his marekt 
and home labor equations and negative in the farm labor and leisure equa­
tions. This education coefficient is also positive in his wife's market 
labor and leisure equations and negative in her farm and home labor equa­
tions. The coefficient of the husband's education is significantly dif­
ferent from zero at the 10 percent level only in his market labor 
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equation. A one-year increase in his education increases his market 
labor 26.5 hours annually, other things equal. The elasticity of hus­
band's market labor supply with respect to his education is 0.12. 
It is interesting to note that the husband's education coefficient 
is not significantly different from zero in his farm labor equation. 
If education increases market and nortmarket productivity, its effect, 
according to the model in Chapter III, would be to reduce the likelihood 
of husband's engaging in and the hours of market labor, other things 
equal. However, Evenson (1978), using a sample of Philippine farm house­
holds, reports that the estimated coefficient of husband's education is 
positive and significant in husband's market labor equation, but the 
education coefficient is not significantly different from zero in hus­
band's farm labor equation. 
Wife's education 
The coefficient of wife's education is positive in her husband's 
leisure equation but is negative in his other three equations. It is neg­
ative in her farm labor equation but is positive in her other three equa­
tions. The coefficient of the wife's education is significantly differ­
ent from zero at the 10 percent level only in the wife's farm labor equa­
tion and the husband's farm labor and leisure equations. The result 
suggests that a one-year increase in the wife's education, holding other 
things constant, decreases her farm labor 34 hours annually. According 
to the model in Chapter III, these hours should be reallocated to house­
hold labor and leisure. The sizes of the wife's education coefficient in 
her leisure and household labor equations suggest that this shift occurs. 
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but the coefficient of these variables have small t-ratios. The results 
also suggest that a one-year increase in the wife's education decreases 
the husband's farm labor 105 hours per year and increases his leisure 115 
hours annually. 
Number of children ages less than 4 years 
The coefficient of the number of children less than 4 years of age 
is negative in the husband's leisure equation and is positive in his other 
three equations and is positive in the wife's household labor equation 
and is negative in her other three equations. The estimated coefficient 
for the number of children less than 4 years of age in the husband's 
equations implies that the addition to the household of a child in this 
age group, e.g. a birth or infant adoption, decreases his leisure 207.8 
hours annually and increases his household labor 70.1 hours per year, his 
farm labor 111 hours per year, and his market labor 26 hours annually. 
However, only the coefficients for the first two effects are significantly 
different from zero at the 10 percent level. For wives, this increase 
implies an increase of 608 hours annually in her household labor and de­
creases of 464 hours in her leisure, of 110 hours in her farm labor, and 
34 hours annually in her market labor. All of the coefficients for these 
effects on wife's time are significantly different from zero at the 10 
percent level, except for market labor. Thus, the results show that in­
creasing the number of young children in the household causes the husband 
to reduce his leisure time and reallocate some of it to farm, household, 
and market labor and causes the wife to reallocate time to household 
labor from leisure and farm and market labor. The time allocation shifts 
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are consistent with the concept that the presence of children adds child 
rearing to household activities and increases the productivity of time 
spent in household labor. Thus, the wife, who may be relatively more 
productive in child care, increases her annual hours of household labor 
by a much larger magnitude than does the husband. Results reported by 
Gronau (1977), for urban wage earners, shows that when the husband faces 
a limited range of productive activities in the household, he may in­
crease his market time in an effort to increase the relative goods inten­
sity of household production. The results for the husband in this study 
are consistent with this conclusion. 
Number of children ages 4-6 and number of children ages 7-11 
The coefficient for the 4-6 age group of children is significantly 
different frcm zero at the 10 percent level in the husband's market and 
farm labor equations and in the wife's market and household labor equa­
tions. The coefficient for the number of children ages 7-11 is signif­
icantly different from zero at the 10 percent level in the wife's house­
hold labor and leisure equations. Assuming the majority of households 
find that increases in the number of children of these age groups occurs 
by aging of children already in the home rather than adoption, the sys­
tematic effect of such aging is of interest. This would mean increases 
in the number of children in these age groups are due to decreases in the 
number of children in the preceding age classes. The net effects on the 
husband are increases in market labor and leisure and decreases in farm 
and household labor. Because the coefficients in some cases are not sig­
nificantly different from zero the actual number of annual hours shifted 
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in each instance is unclear. The net effects on the wife are increases 
in farm labor and leisure and decreases in household labor and market 
labor. These results are consistent with other findings indicating chil­
dren are less time intensive in household production as they age, e.g. 
Leibowitz (1975). Presumably young children become able to dress and 
feed themselves, and require less direct personal attention. 
Number of children ages 12-20 
The estimated coefficient of the number of children ages 12-20 in 
the husband's equations is negative for his farm and household labor and 
positive for his market and leisure time. These results suggest that 
children 12-20 replace some of their father's time in farm and household 
work. The coefficient of market and farm labor are, however, the only 
coefficients that are significantly different from zero at the 10 percent 
level. The coefficient for these older children is positive and signifi­
cantly different from zero at the 10 percent level in the wife's hœne 
labor equation, but a child in the 12-20 age group has a smaller positive 
effect on wife's home time than a child in either of the three younger 
age groups. The coefficients of children 12-20 in the wife's leisure, farm 
labor and market labor are all negative, as they are for children in each 
of the younger age groups. 
Number of household members other than children under age 21 
The coefficient of number of other household members is positive in 
the husband's market and farm labor equations and negative in his house­
hold and leisure time equations. Since the coefficients in the husband's 
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farm and leisure equations are significantly different from zero, the re­
sults suggest that the primary effects of a one-person increase in the 
number of other household members is to increase his farm labor 189 hours 
annually and decrease his leisure 193 hours per year. 
The coefficient of other household members is positive in wife's 
household labor and market labor equations and negative in her farm labor 
and leisure equations. The coefficients in the wife's leisure and house­
hold labor equations are significantly different from zero at the 10 per­
cent level, and the results suggest that most of the 379 hour increase 
in wife's household labor due to an increase in other household members 
comes from her leisure time. Thus, the effect on wife's time allocation 
of other household members is similar to that of young children. 
Summary of other results 
The coefficient of the wife's age is negative in the husband's lei­
sure equation and positive in his other three equations, and negative in 
the wife's farm labor and leisure equations and positive in her market 
labor and household labor equations. However, the coefficient of wife's 
age is only significantly different from zero in the husband's farm labor 
and leisure equations. A one-year increase in the wife's age, all else 
constant, increases the husband's farm labor 19.4 hours annually and de­
creases his leisure 25.3 hours per year. The coefficient of the husband's 
age is positive in his leisure and household labor equations and negative 
in his market and farm labor equations and positive in the wife's market 
labor and leisure equations and negative in her farm and household labor 
equations. However, the coefficient of husband's age is only 
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significantly different from zero in the husband's market and farm labor 
and leisure equations. A one-year increase in the husband's age, all 
else unchanged, increases his leisure 40 hours annually and decreases 
his farm and market labor 32 and 8 hours annually, respectively. Further­
more, the net effect of the husband and wife aging together operates 
solely on the husband's time allocations with farm labor decreasing 13 
hours annually and leisure increasing 15 hours annually. 
The coefficient of operated acres of the farm is not significantly 
different from zero at the 10 percent level in any of the wife's time 
allocation equations, but it is statistically significant in all of the 
husband's time allocation equations. The results imply that a ten-acre 
increase in the operated acres of the farm increases the husband's farm 
labor 9.1 hours annually and decreases the annual hours of market, house­
hold labor, and leisure 2.5, 1.7, and 4.9 respectively. 
The coefficient of the dummy variable created to capture effects 
of the farm operator reporting a dairy farm operation is statistically 
significant at the 10 percent level in all of the husband's time alloca­
tion equations and in the wife's farm labor and leisure equations. These 
results indicate that a dairy farm operation is relatively more time in­
tensive than other types of farming operations. If the farm type is a 
dairy operation the results Imply that the husband's farm labor increases 
1036 hours annually while all other time allocations decrease, 830 of 
these annual hours are drawn from his leisure time. The effect of a dairy 
operation on the wife's time allocation is similar to that of her hus­
band's. Her farm labor increases 534 hours annually, and most, or 394, 
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of these hours are drawn from her leisure time. 
If the husband and wife reported poor health the results imply that 
their annual hours of leisure increased 560 and 539 respectively. The 
husband's additional leisure time is drawn largely from farm labor (400 
hours) and to a lesser extent from market labor (142 hours). Wife's 
additional leisure is drawn largely and about equally from household labor 
(281 hours) and farm labor (195 hours). When the wife reports poor 
health the results also suggest that her husband increases his hours of 
household labor, and when the husband reports poor health, his wife in­
creases her hours of farm labor. 
Comparison of Results to Existing Studies 
The consistency of the estimated results with the predicted effects 
of the model developed in Chapter II has been noted. In order to estab­
lish a clearer picture of the estimated time allocation effects, a com­
parison of the results to those reported in existing studies is pre­
sented. 
Other permanent income is statistically significant in the wife's 
time allocation equations for farm, leisure, and market labor time. The 
respective elasticities are -0.02, 0.01, and -0.02 evaluated at the sample 
means. Wages of either adult are not statistically significant in any 
of the wife's time allocations, and permanent farm income is significant 
only in the wife's leisure equation. The wife's allocation of time be­
tween various productive activities is dominated by the size and 
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composition of the household. The wife's time allocations do not seem 
to be significantly affected by wage and income variables. These results 
stand in contrast to some studies that show prime age males' labor sup­
ply is not sensitive to economic stimulus, but that the wife's labor sup-
2 
ply is very responsive. The findings reported in this study show that 
the household labor of prime age farm females, say women in the child 
bearing and rearing ages, are not significantly affected by economic var­
iables, especially wages. This result is not too surprising because 
fewer farm wives and husbands engage in market labor than do urban dwel­
lers. The models in Chapter III suggest that off-farm wage rates might 
not be very important in explaining the time allocation of farm husbands 
and wives. 
The results on cross-person wage effects differ from other studies. 
A number of studies have found weak to nonexistent cross-wage effects of 
the wife's wage on her husband's time allocation, especially market 
2 
labor supply. The results in this study show that the wife's wage is 
not a significant explanatory variable in the husband's market labor 
supply equation, but is a significant explanatory variable in the hus­
band's farm and leisure time equations. Furthermore, most studies have 
found the husband's wage is a significant variable for explaining the 
wife's market labor supply, but the results reported here did not shew 
any significant effects of the husbacd's wage on any of the wife's time 
allocations. 
_ 
See DaVanzo, Detray, and Greenberg (1973). 
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A major concern of this study is the added information gained from 
disaggregating leisure from household labor. Gronau (1977) reports on 
one of the few studies where the two are considered separately. Gronau 
segmented a sample of U.S. women on the basis of labor market participa­
tion. His results show changing signs and statistical significance for 
the education variable depending upon whether her labor market experi­
ence or expected wage is used as an explanatory variable in the household 
labor and leisure regressions. The regression equations employing the 
expected wage have positive coefficients for the wife's education in 
both the leisure and household labor estimates; however, the wife's edu­
cation is a significant explanatory variable imly in the leisure equa­
tion. When the wife's labor market experience replaces the expected 
wage, the coefficient of the wife's education becomes negative and sta­
tistically significant in the household labor equation. Results reported 
here for farm wives show the wife's education coefficient to be positive 
but not significantly different from zero at the 10 percent level in both 
her household labor and leisure equations. The results are not com­
pletely comparable because of the farm versus nonfarm household distinc­
tion and because Gronau includes in the sample only women employed in 
the labor market. 
In Gronau's study, the sign and significance of the husband's edu­
cation coefficient in his wife's household labor and leisure equations 
are positive but not significantly different from zero. Similar results 
are shown in this study for farm households. 
Gronau's results concerning unearned income are of interest. 
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Regardless of which explanatory variable is employed, the coefficient 
of unearned income is positive but not significantly different from zero 
in both the wife's household labor and leisure equations. The results 
reported in this study shuw lioLh the coefficients of permanent farm in­
come and permanent other income to be positive and significantly differ­
ent fran zero in the wife's leisure equation. While both coefficients 
are negative but not significantly different from zero in the wife's 
household labor equation. Again, no doubt some difference arises due to 
Gronau's exclusion of women not participating in the labor market. For 
a sample strictly composed of working women, an increase in household 
labor associated with an increase in unearned income may be quite plau­
sible. Gronau notes that sample selectivity bias arising from this 
particular problem may be incorrectable within the limits of such a 
sample. 
Evenson (1978) reports estimates of time allocation regressions for 
husbands and wives of farming households in the rural Philippines. He 
aggregates leisure and household labor into home labor and also considers 
farm labor and market labor. His results show nonwage income to have a 
positive and statistically significant effect on the quantity of aggre­
gate home time. Results reported here show permanent income (both farm 
and other) having a positive and statistically significant effect on the 
wife's leisure time but a negative, although not significantly different 
from zero, effect on wife's household labor. These results, although 
consistent with Evenson's results, show the misleading nature of the re­
sults when household labor and leisure are aggregated into a single 
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dependent variable. 
In Evenson's study, the number of children ages 0-3 has a positive 
but not significantly different from zero, effect on the wife's aggregate 
home time. In the results reported here, the number of children ages 
0-3 has a positive and statistically significant effect on the wife's 
household labor, but a negative and statistically significant effect on 
the wife's leisure time. Thus, an aggregate measure of leisure and house­
hold labor is relatively unchanged, the composition is substantially 
altered. 
In Evenson's study the number of sick days has a positive and sta­
tistically significant effect on husband's home time. Results reported 
here show that the effect of poor health reported by the husband is to 
increase (statistically significant) his leisure time but to decrease 
(not significant) his household labor. This again points to the composi­
tion problem when aggregates are used. 
Kniesner (1976) investigates the existence of complementarity be­
tween the husband's and wife's nonmarket time in nonfarm households. He 
divides the husband's and wife's time allocations into two categories, 
market and nonmarket time. The empirical results reported by Kniesner 
show that the nonmarket time of the husband and wife are complements. 
The measure of nonmarket time is an aggregate of household and leisure 
time. In this study of farm households, no direct test of complementar­
ity is possible because of the impossibility of estimating the many Allen 
partial elasticities included in the equations. 
Kniesner segments his sample based upon the wife's market labor 
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participation status. The results show the husband's gross own-wage ef­
fect on labor supply varies according to the wife's labor force partici­
pation status. The husband's own-wage effect on labor supply is larger 
positive for those husbands whose wives do not work. Wales and Woodland 
(1977) find similar results. 
Wales and Woodland also show that the presence of children has an 
effect on the magnitude of the income and wage effects. Their analysis 
shows that husbands in households with children are less likely to in­
crease market labor when their wage rates rise, and income is not a sta­
tistically significant determinant of the hours of their household labor 
when children are present. This is the same conclusion as reached in 
this study. 
This chapter has examined the time allocation of farm families in 
Iowa with emphasis on the information gained by disaggregating leisure 
and household labor. In the next chapter, the estimates of the demand 
for household capital services and the household capital-labor ratio are 
presented. Again emphasis will be placed on the household labor and 
leisure disaggregation in conjunction with the demand for household cap­
ital services. 
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CHAPTER. VII. THE DEMAND FOR CAPITAL SERVICES AND FOR 
CAPITAL-LABOR RATIO IN HOUSEHOLD PRODUCTION 
This chapter presents estimates of the reduced form demand function 
for household capital and for the capital-labor ratio in household pro­
duction. These equations contain the same set of explanatory variables 
as the reduced form time allocation equations presented in Chapter VI. 
The equations are linear in the levels of the endogenous and exogenous 
variables and are estimated by the method of ordinary least squares. 
Summary of Signs of the Estimated Coefficients 
The empirical measure of capital services in this study is the an­
nual rental value of capital services used by the family in household pro­
duction. There are three major components: services from household dur­
ables, from housing, and from automobiles. These three components are 
combined into four different household capital service measures that are 
used as the dependent variables in the reduced form capital service equa­
tion. They are (a) the total household capital services obtained frcsn 
summing the three major components, (b) the value of services from house­
hold durables and housing, (c) the value of services from household dur­
ables and automobiles, and (d) the value of services from household dur­
ables only. Table 7.1 presents a summary of the signs for coefficient 
in the capital service regressions that are significantly different from 
zero at the 10 percent level. These results suggest reduced explanatory 
power as the definition of household capital services becomes more 
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Table 7.1. Signs of statistically significant explanatory variables in 
demand for household capital services equations: Four dif­
ferent measures of capital services® 
Regression equation^ 
Wife's age 
Husband's age + 
Wife's education + 4 - 4 - 4 -
Husband's education 
Farm income, permanent 4 - 4 - 4 -
Other income, permanent 4 -  4 -
Operated acres 
Husband's wage (predicted) 4 -  4 - 4 -
Wife's wage (predicted) 
Number of children age 0-3 
4-6 
7-11 4-
12-20 4 -  4 -  4 -
Number of household members 
(Other than children under 21) 
Years married 
Rooms in house 4 - 4 -  4 -
®Coefficients are significantly different from zero at the .10 
level. 
^Equation (1) dependent variable = sum of all capital services, (2) 
dependent variable = all services excluding home rent, (3) dependent var­
iable = all services excluding automobile services, (4) dependent variable 
= only services from household durable goods. 
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Regression equation 
Table 7.1 (Continued) 
Dummy variables 
Husband worked off-farm 
Husband worked off farm 
continuously 
Wife worked off-farm 
Wife worked off-farm 
continuously 
Poor health; Husband 
Poor health; Wife 
Regular household help 
Dairy farm operation 
restrictive. 
The capital-labor ratio is capital services used in household produc­
tion divided by household labor. Eight different measures of this ratio 
are used as dependent variables. They are obtained by dividing each of 
the four above measures of household capital services by wife's household 
labor and by husband's plus wife's household labor. Table 7.2 and 7.3 
present a summary of the signs for coefficients that are significantly 
different from zero at the 10 percent level in the different capital-
labor ratio regressions. 
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Table 7.2. Signs of statistically significant explanatory variables in 
demand for household capital—wife's household labor ratio 
equations: Four different measures of capital services® 
Regression equation 
Wife's age 
Husband's age 
Wife's education 
Husband's education 
Farm income, permanent 
Other income, permanent 
Operated acres 
Husband's wage (predicted 
Wife's wage (predicted) 
Number of children age 0-3 
4-6 
7-11 
12-20 
Number of household mezabsrs 
Years married 
+  4 - 4 - 4 -
4 -  4 -
4 -
8 
level, 
Coefficients are significantly different from zero at the .10 
Equation (1) dependent variable = ratio for all capital services, 
(2) dependent variable = ratio excluding home rent, (3) dependent vari­
able * ratio excluding automobile services, (4) dependent variable = 
ratio of only household durable goods. 
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Table 7.2 (Continued) 
Dummy variables 
Husband worked off-farm 
Husband worked off-farm 
continuously 
Wife worked off-farm 
Wife worked off-farm 
continuously 
Poor health: Husband 
Poor health: Wife 
Regular household help 
Dairy Farm operation 
Regression equation 
+ + 
+ + 
Discussion of Estimates of the Demand Equations for Capital 
Services and for Capital-Labor Ratios 
The detailed discussion of the demand for household capital services 
and of household capital-labor ratios equations concentrates on capital 
services measured as the total household capital services and the total 
excluding transportstion services from automobiles and on capital-labor 
ratios obtained by dividing these two capital service measures by wife's 
household labor and by wife's plus husband's household labor. These re­
sults are reported in Tables 7.4 and 7.5. Estimates of the demand for 
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Table 7.3. Signs of statistically significant explanatory variables in 
demand for household capital—wife's plus husband's household 
labor ratio equations: Four different measures of capital 
services® 
Regression equation 
_ 2 3 4 
Wife's age - - - -
Husband's age + + + 
Wife's education + + 
Husband's education 
Farm income, permanent + + + 
Other income, permanent 
Operated acres 
Husband's wage (predicted) + + 
Wife's wage (predicted) 
Number of children age 0-3 - - - -
4-6 
7-11 - - - -
12-20 + 
Number of household members 
(Other than children under 21) - - - -
Years married 
Rooms in house 
^Coefficients are significantly different from zero at the .10 
level. 
^Equation (1) dependent variqble = ratio for all capital services, 
(2) dependent variable = ratio excluding home rent, (3) dependent vari­
able " ratio excluding automobile services, (4) dependent variable = 
ratio including only household durable goods services. 
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Table 7.3 (Continued) 
Dummy variables 
Husband worked off-farm 
Husband worked off-farm 
continuously 
Wife worked off-farm 
Wife worked off-farm 
continuously 
Poor health: Husband 
Poor health: Wife 
Regular household help 
Dairy farm operation 
Regression equation 
+ 
+ + 
capital services and the associated capital-labor ratios using the other 
measures of household capital services are reported in Appendix D. 
Permanent farm income 
The coefficient of permanent farm income is positive and signifi­
cant at better than the 10 percent level in the total capital service and 
in both capital-labor ratio equations (Table 7.4). Recall that permanent 
farm income was also positive and significantly different frcm zero in 
the husband's household labor but negative and not statistically signif­
icant in the wife's household labor equations. Thus, the results show 
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Table 7.4. Estimates of demand equations for household capital services 
and for household capital-labor ratios: Total capital ser­
vices, 1976^ 
Total Capital/ Capital/ 
capital wife's husband's and 
services labor wife's labor 
Constant 531.23 1.52 1.32 
(0.91) (2.56) (2.81) 
Wife's age -22.98 -0.028 -0.029 
(-1.63) (-1.98) (-2.57) 
Husband's age 23.98 0.026 0.024 
(1.84) (1.94) (2.32) 
Wife's education 140.67 0.066 0.063 
(3.94) (1.85) (2.21) 
Husband's educa tion -42.89 -0.008 -0.023 
(-1.29 (-0.23) (-0.86) 
Permanent farm income 0.014 0.00001 0.000009 
(3.36) (2.67) (2.71) 
Permanent other income 0.041 0.00002 0.00002 
(2.50) (1.15) (1.28) 
Operated acres -0.171 0.00002 0.0001 
(-0.69) (0.10) (0.63) 
Wife's wage, imputed -155.27 -0.055 -0.067 
(-2.11) (-0.74) (-1.14) 
Husband's wage. Imputed 293.78 0.079 0.087 
(4.68) (1.24) (1.72) 
Children ages 0-3 -40.93 -0.40 -0.343 
(-0.37) (-3.55) (-3.86) 
4-6 -51.36 -0.11 -0.132 
(-0.45) (-0.98) (-1.47) 
^Ordinary least squares regression, t-ratlos in parentheses. 
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Table 7.4 (Continued) 
Total Capital/ Capital/ 
capital wife's husband's and 
services labor wife's labor 
Children ages 7-11 25.91 
(0.35) 
-0.16) 
(-2.22) 
-0.114 
(-1.94) 
12-20 243.78 
(6.03) 
0.06 
(1.36) 
0.048 
(1.47) 
Household members 
(Other than children) 
91.05 
(0.83) 
-0.28 
(-2.24) 
-0.20 
(-1.96) 
Years married 6.19 
(0.79) 
-0.0004 
(-0.05) 
0.004 
(0.57) 
Rooms in house 
Dummy variables 
78.11 
(2.81) 
-0.023 
(-0.84) 
-0.011 
(-0.51) 
Husband worked off-farm 425.61 
(2.57) 
0.39 
(2.34) 
0.374 
(2.83) 
Husband worked continuously -470.1 
(-2.28) 
-0.30 
(-1.45) 
-0.311 
(-1.94) 
Wife worked off-farm 336.11 
(1.98) 
0.45 
(2.62) 
0.347 
(2.56) 
Wife worked continuously 47.27 
(0.26) 
0.58 
(3.13) 
0.378 
(2.59) 
Poor health: Husband -960.39 
(-2.38) 
-0.303 
(-0.74) 
-0.369 
(-1.15) 
Poor health: Wife -272.69 
(-0.67) 
0.142 
(0.35) 
0.053 
(0.16) 
Hired house help 270.62 
(0.99) 
0.031 
(0.11) 
0.139 
(0.64) 
Dairy farm operation -192.28 
(-1.46) 
-0.062 
(-0.47) 
0.015 
(0.14) 
.2353 .1924 .1913 
F-ratio 9.82 7.51 7.55 
N 790 790 790 
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that the positive effect of permanent farm income on household capital-
labor ratios is due primarily to its positive effect on husband's house­
hold labor, and on the demand for capital services. 
The results imply that a one-thousand dollar per year increase in 
permanent farm income increases the household's demand for capital ser­
vices $14.15 annually and the ratio of capital-to-labor services with 
wife's and both adults' household time by 0.1 and 0.009, respectively. 
The household's elasticity of demand for capital services with respect 
to permanent farm income, evaluated at sample means, is 0.04. The elas­
ticities of the capital-labor ratios with respect to permanent farm in­
come, evaluated at sample means, for capital-to-labor ratios using the 
wife's time and for both adults' time are 0.07 and 0.06, respectively. 
Permanent other income 
The estimated coefficient of permanent other income is positive in 
the capital service equation and in both capital-labor ratio equations, 
but is significantly different from zero at the 10 percent level only in 
the capital services equation. Recall that permanent other income has a 
positive and statistically significant effect on husband's household 
labor but a negative, although not statistically significant, effect on 
wife's household labor. The net result is positive but not a statisti­
cally significant effect on the household capital-labor ratios. The re­
sults imply that a one-thousand dollar per year increase in permanent 
other income increases the household's demand for capital services $40.97 
annually. The household's elasticity of demand for capital services 
with respect to permanent other income, evaluated at sample means, is 
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0 . 0 1 .  
The relatively small elasticity of household's demand for capital 
services with respect to permanent other income and farm income might be 
surprising, but recall that the capital service measure does not include 
leisure or recreational-oriented durables, with the possible exception 
of some of the automobile mileage reported by households. Both permanent 
income measures have positive and statistically significant coefficients 
in the leisure equations of both adults. Thus, the permanent income 
elasticity of capital services for leisure-oriented durables would seem 
likely to be positive, but the survey data do not permit exploring this 
issue. Thus, an increase in permanent other income increases leisure 
but has little impact on household production. 
Husband's imputed wage 
The coefficient of the husband's imputed wage is significant and 
positive in the capital service equation and in the capital-labor ratio 
equation where both adults' time is used as the divisor. Recall that the 
estimated coefficient of the husband's imputed wage was not significantly 
different from zero in both the husband's and the wife's household labor 
and leisure estimates. Thus, the effect on the capital-labor ratio is 
primarily through the demand for capital services. The results imply 
that a ùne-dûllâi: per hour increase in the husband's imputed wage in­
creases the household's demand for capital services by $293.78 annually. 
The household's elasticity of demand for capital services in household 
production with respect to the husband's imputed wage is 0.43. 
However, the evaluation of this wage variable must be considered 
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in light of the effects of the dummy variables associated with the hus­
band's labor market status. If the husband reports off-farm labor, the 
effects on the demand for capital services and on both capital-labor 
ratios are positive and the household's demand for capital services in­
creases $426.61 annually. This means that the value of the household's 
elasticity of demand for capital services with respect to the husband's 
imputed wage is smaller when the husband reports off-farm labor than 
when he does not. When the husband reports off-farm labor, the wife's 
household labor decreases and the capital-labor ratio using the wife's 
household labor increases. If the husband reports continuous market 
labor, the coefficient for the dummy variable in the capital service 
equation is negative and statistically significant, indicating a net 
negative effect on household demand for capital services from husband's 
market labor. 
Wife's imputed wage 
The coefficient for the wife's imputed wage is negative in the cap­
ital service equation and in both capital-labor ratio equations, but it 
is statistically significant only in the capital service equation. Re­
call that the estimated coefficient of wife's imputed wage was positive 
in husband's household labor equation and negative in her own household 
labor equation and that both coefficients were not significantly differ­
ent from zero. Thus, the positive, although weak, effect of wife's im­
puted wage in the capital-labor ratio equations is expected. The results 
imply that a one-dollar per hour increase in the wife's imputed wage de­
creases the household's demand for capital services $155.27 annually. 
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Again, caution must be exercised in evaluating the effects of the 
imputed wage variable, because dummy variables are included to capture 
effects of the wife's off-farm labor market status. If the wife reports 
positive off-farm labor, the household's demand for capital services 
and for both of the capital labor ratios rises. There are also negative 
effects on wife's (significant) and on husband's (not statistically sig­
nificant) household labor. Therefore, although the coefficient of the 
wife's imputed wage is negative, the effect of the wife working in the 
market is to increase the relative capital intensity of household pro­
duction. 
The coefficient for the duuimy variable associated with continous 
market-labor participation by the wife is positive and statistically sig­
nificant in both capital-labor ratio equations. If the wife reports con­
tinuous market labor, there is a positive but not significantly different 
from zero effect on the household's demand for capital services, but re­
call that the wife's continuous labor market status decreases (statisti­
cally significant) the wife's annual hours of household labor and in­
creases (not significantly different from zero) husband's household labor. 
Thus, the primary source of the rise in the capital-labor ratio is the 
effect on wife's household labor. 
The coefficients of the dummy variables concerning the wife's market 
labor status show both replacement of wife's household labor by her hus­
band's household labor and by household capital services when she works 
in the market. However, the replacement of husband's for wife's household 
labor is not complete, so the capital-labor ratio with both adults' time 
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increases. 
Wife's education 
The coefficient of wife's education is positive and statistically 
significant in the capital service and both capital-labor ratio equations. 
The results imply that a one-year increase in the wife's education, 
other things equal, increases the household's demand for capital services 
$140.67 annually. Recall that the coefficient of wife's education was 
positive but not significantly different from zero in the wife's house­
hold labor equation and was negative but not significantly different from 
zero in the husband's household labor equation. Therefore, the increase 
in the relative capital intensity of household production associated 
with higher educated wives, other things equal, is due primarily to in­
creased demand for capital services. The household's elasticity of de­
mand for capital services with respect to the direct effect of wife's 
education, evaluated at sample means, is 1.06. 
Husband's education 
The estimated coefficient of husband's education is negative but not 
significantly different from zero in the capital service or either of the 
capital-labor ratio equations. Furthermore, the estimated coefficients 
of husband's education and imputed wage were not significantly different 
from zero in either of the adult's household equations. Thus, household 
capital-labor ratios are not related directly or indirectly to husband's 
education. 
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Number of children ages 0-3 
The coefficient of the number of children in the 0-3 age group is 
negative and significant in both capital-labor ratio equations. The co­
efficient for children 0-3 is negative but not significantly different 
from zero st the 10 percent level in the capital service equation. Re­
call that children in this age group had large positive effects on hus­
band's and wife's household labor. These results show that household 
capital services are a poor substitute for parents' time in caring for 
young children and show that the relative increase in labor intensity of 
household production with young children in a household is due to the in­
creases in household labor of the parents. 
Number of children ages 4-6 
The coefficient of the number of children ages 4-6 is negative in 
the capital service equation and in both capital-labor ratio equations, 
but it is not significantly different from zero in any of the equations. 
Recall that the children in this age group had a positive effect on the 
wife's and husband's household labor. These results imply that, as in 
the case of the youngest children, capital services are poor substitutes 
for parents' time in child care. Assuming, as in Chapter VI, that an 
aging process of children in the household occurs, these results imply 
a net increase in the household's capital intensity of production as 
children move out of the youngest age group. 
118 
Number of children ages 7-11 
The coefficient of number of children ages 7-11 is negative and sta­
tistically significant in both capital-labor ratio equations, but it is 
positive and not significantly different from zero in the capital service 
equation. Assuming, as in Chapter VI, that children in the household 
move from one age to another, the net effect of children aging is an in­
crease in the relative capital intensity of household production. Be­
cause there is no significant effect on capital services by children in 
the 7-11 age group, this conclusion is consistent with the viet effects 
on the husband's and wife's household labor shown in Tables 6.2 and 6.3, 
where net household labor declines as the age of children increases. 
Number of children ages 12-20 
The coefficient of the number of children age 12-20 is positive in 
the capital service equation and in both capital-labor ratio equations, 
but the coefficient is significantly different frcm zero at better than 
the 10 percent level in only the capital service equation. Recall that 
children 12-20 had a small positive (and significant) effect on wife's 
household labor and a very small negative (not statistically signifi­
cant) effect on husband's household labor. Thus, children 12-20 seem 
to be relatively household capital service intensive. 
Other household members 
The coefficient of other household members is negative and signifi­
cantly different from zero at better than the 5 percent level in both 
capital-labor ratio equations. The coefficient is positive but not 
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significantly different from zero at the 10 percent level in the capital 
service equation. Recall that the coefficient of other household mem­
bers was positive (statistically significant) in the wife's household 
labor equation and negative (not significantly different from zero) in 
the husband's household labor equation. Thus, other household members 
have an effect on wife's household labor and household capital-labor 
ratios that is similar to children ages 0-3. 
Differences in Estimated Demand Equations 
When Automobile Services Are Excluded 
The same set of explanatory variables is employed in estimating the 
demand for household capital services and household capital-labor ratios 
when automobile services are excluded from the capital service estimate. 
There are a few changes in signs of the estimated coefficients. The co­
efficients of the number of children in the youngest age groups, 0-3 and 
4-6, are positive in the capital service equation when all services are 
included and are negative when automobile services are excluded. The co­
efficient of the dummy variable for a dairy farm operation is negative 
in the capital service and capital-labor ratio equations using all cap­
ital services and wife's labor and positive in both of these equations 
when automobile services are excluded. 
The coefficient of husband's education is negative in all estimated 
equations regardless of the inclusion or exclusion of automobile services, 
however, the coefficient is significantly different from zero only in the 
equations where automobile services are excluded. 
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Table 7.5. Estimates of demand equations for household capital services 
and for household capital-labor ratios: Durables and housing, 
1976* 
Services of Capital/ Capital/ 
durables wife's husband's and 
and housing labor wife's labor 
Constant 624.5 0.929 0.812 
(2.52) (3.51) (3.63) 
Wife's age -5.44 -0.013 -0.013 
(-0.91) (-2.00) (-2.40) 
Husband's age 7.20 
(1.31) 
0.012 
(2.11) 
0.011 
(2.31) 
Wife's education 73.75 
(4.90) 
0.035 
(2.19) 
0.034 
(2.52) 
Husband's education -70.73 
(-5.03) 
-0.033 
(-2.18) 
-0.035 
(-2.78) 
Farm income, permanent 0.008 
(4.22) 
0.000005 
(2.44) 
0.00004 
(2.40) 
Other income, permanent 0.011 
(1.66) 
0.000005 
(0.62) 
0.00004 
(0.61) 
Operated acres -0.134 
(-1.25) 
0.00002 
(0.15) 
0.00005 
(0.53) 
Wife's wage, imputed -177.50 
(-5.72) 
-0.080 
(-2.40) 
-0.079 
(-2.81) 
Husband's wage, imputed 247.84 
(9.35) 
0 = 098 
(3.45) 
0.093 
(3.90) 
Number of children ages 0-3 72.50 
(1.54) 
-0.146 
(-2.92) 
-0.133 
(-3.15) 
4-6 56.62 
(1.19) 
-0.023 
(-0.46) 
-0.040 
(-0.93) 
^Ordinary least squares regression, t-ratios in parentheses. 
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Table 7.5 (Continued) 
Services of Capital/ Capital/ 
durables wife's husband's and 
and housing labor wife's labor 
Children ages 7-11 26.88 
(0.87) 
-0.072 
(-2.16) 
-0.052 
(-1.85) 
12-20 20.02 
(1.17) 
-0.014 
(-0.79) 
-0.014 
(-0.93) 
Number of household members, 
(Other than children) 
60.38 
(1.15) 
-0.136 
(-2.42) 
-0.098 
(-2.05) 
Years married 1.02 
(0.31) 
-0.0004 
(-0.12) 
0.001 
(0.35) 
Rooms in house 
Dummy variables 
63.06 
(5.37) 
-0.003 
(-0.26) 
0-0014 
(0.13) 
Husband worked off-farm 100.59 
(1.44) 
0.165 
(2.22) 
0.151 
(2.39) 
Husband worked off-farm 
continuously 
-191.45 
(-2=20) 
-0.163 
(-1.76) 
-0.150 
(-1.92) 
Wife worked off-farm 47.06 
(0.66) 
0.207 
(2.71) 
0.149 
(2.31) 
Wife worked off-farm 
continuously 
-29.97 
(-0.39) 
0.164 
(1.99) 
0.108 
(1.55) 
Poor health: Husband -285.29 
(-1.68) 
-0.10 
(-0.55) 
-0.119 
(-0.78) 
Poor health: Wife -145.03 
(-0.85) 
0.140 
(0.77) 
0.072 
(0.47) 
Regular household help 195.64 
(1.69 
0.048 
(0.40) 
0.089 
(0.86) 
Dairy fera operation 81.30 
(1.46) 
0.064 
(1.08) 
0.093 
(1.86) 
.2418 .1441 .1335 
F-ratio 10.178 5.373 5.002 
N 790 790 790 
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The coefficient of husband's education is negative in all estimated 
equations regardless of the inclusion or exclusion of automobile services, 
however, the coefficient is significantly different from zero only in 
the equations where automobile services are excluded. 
The strength of the explanatory power of the imputed wage rates of 
both the husband and wife is greater when automobile services are ex­
cluded from the capital services estimate. This is an interesting find­
ing. If either adult works, it is conceivable that the mileage reported 
for that household would exceed, on average, the mileage reported for a 
household where neither adult is in the off-farm labor market. If the 
imputed-wage measure actually performs well as an estimate of the market 
wage rate and the elimination of automobile services decreases a measure­
ment error in the capital services estimate, then the model in Chapter 
III indicates increaslug relative capital intensity. And, the results 
from excluding automobile services from the capital service estimate show 
increasing capital intensity due to increased wage rate for the husband. 
However, the coefficient for the wife's imputed wage rate is negative. 
The dummy variables associated with the labor market status of the 
husband and wife reinforces the finding. The coefficients are signifi­
cantly different from zero in the capital service equation when automobile 
services are included and are not significantly different from zero when 
automobile services are excluded. Thus, if the wife works off-farm and 
works on a continuous basis, substantial increases in the capital-labor 
ratios occur, but nothing happens to capital services. This is consis­
tent with the time allocation analysis which showed that additional 
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market labor by the wife comes from reduced household labor, and the in­
crease 1"» husband's household labor does not fully replace the wife's 
reduced household labor. 
When automobile services are excluded from the capital service 
measure, the size of the estimated coefficient for number of children age 
12-20 falls dramatically. This is probably due to the elimination of 
the effect of teen-age drivers on automobile mileage and on the capital 
service measure. To the extent that this mileage is for recreation pur­
poses, there is a measurement error, but to the extent that the mileage 
contributes directly to human capital development, e.g. schooling, there 
is not a measurement error. 
Comparison to Existing Study 
Bryant (1976), using data from the Rural Income Maintenance Experi­
ment, examines the capital-labor ratios in household production for poor 
farm families in Iowa and North Carolina. The measure of household labor 
is an aggregate of household labor and leisure. No time allocations 
are shown. Bryant segments the sample by the market labor force status 
of the husband and wife. 
Bryant's results consistently show the coefficient of unearned in­
come to be positive and at least marginally statistically significant in 
the capital-labor ratio equations of all subgroups. In the results re­
ported here, the coefficient of permanent farm income is positive and 
statistically significant in both capital-labor equations, but the 
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coefficient of permanent other income is positive but not significantly 
different from zero. The effect of permanent farm income is positive 
and statistically significant in the capital services equation and is 
positive and marginally significant in the husband's household labor 
equation. In the wife's household labor equation, the effect of perma­
nent farm income is negative and marginally significant. Thus, these re­
sults show that increasing permanent farm household income increases the 
relative capital intensity of household production primarily by increas­
ing the demand for capital services. This result is consistent with 
Bryant's rejection of the assumption of homotheticity of the household 
production function which is often made in home production models. 
Bryant also finds that the coefficient of wife's education is con­
sistently positive and statistically significant in the capital-labor 
ratio equations of the subgroups. Results reported here also show the 
coefficient of wife's education is positive in both capital-labor ratio 
equations and statistically significant in the ratio using the wife's 
household labor as the divisor. The wife's education is also positive 
and significant in the capital services equations. The increased capi­
tal intensity of household production associated with an increase in 
wife's education is the result of increased demand for capital services, 
with household labor remaining relatively unaffected. 
Tr-"o major differences exist between the results of Bryant's and this 
study. One difference is the statistical significance of the wife's 
wage, and the other is the effect of household members. In Bryant's 
study, the estimated coefficient of the wage is positive in the capital-
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labor ratio equations, and it is significantly different from zero for 
most of them. In the results reported here, the coefficient of the wife's 
wage is negative but not significantly different from zero in the wife's 
household labor equation and in both capital-labor ratio equations. For 
the two studies, the different effects on capital-labor ratios of house­
hold composition is most striking. Bryant's results show that the num­
ber of household members had a positive and statistically significant 
effect on capital-labor ratios for several of his subgroups. Results 
reported in this study show that the number of household members has a 
negative and statistically significant effect on both capital-labor ratios. 
The estimated coefficient for number of household members Is positive 
in both the wife's household labor and capital service equations. How­
ever, it is statistically significant only in the wife's houshold labor 
equation. 
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CHAPTER VIII. SUMMARY AND CONCLUSIONS 
This chapter presents a summary of the findings reported in this 
study. The summary of findings concentrates on the results of the esti­
mated demand equations for household labor, leisure, household capital 
services, and the capital-labor ratio in household production. 
Summary 
The estimated coefficient of permanent nonwage nonfarm income is 
statistically significant in most of the time allocation equations of both 
the husband and wife. Increases in nonwage nonfarm permanent income in­
crease the husband's annual hours of leisure and household labor and the 
wife's ann'jal hours of leisure. The estimated coefficient of this in­
come measure is also positive and significant in the demand equation for 
total capital services. 
The estimated coefficient of permanent farm income is positive and 
statistically significant in the demand equations for the husband's house­
hold labor, capital services, and the capital-labor ratios. When perma­
nent farm income increases, these results show increasing capital inten­
sity in household production due to a larger increase in the demand for 
capital services than for household labor. 
The estimated coefficient of wife's education is positive and sta­
tistically significant in the demand equations for the husband's leisure, 
and for all capital services equations. The estimated coefficients of 
the education variables are not statistically significant in any of the 
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wife's estimated time allocation equations. The estimated coefficients 
of wife's education show strong cross-person effects on the husband's 
time allocations. Additional effects of education on time allocation 
occur because years of formal education of each adult are explanatory 
variables in the instrumental variable estimate of off-farm wage rates 
of the husband and wife. The estimated coefficient of education is posi­
tive and statistically significant in both wage equations. The esti­
mated coefficient of husband's education is positive and significant in 
his farm labor equation and negative and significant in his market labor 
equation. Increases in the husband's education increase his farm labor 
and decrease his market labor. However, such an increase in his educa­
tion also increases his wage rate and the estimated coefficient of the 
husband's wage rate carries the opposite sign of the estimated coeffici­
ent of his education level in these two time allocation equations and is 
statistically significant. Tobit estimates reported in Appendix C show 
the same strong cross-person effects of wife's education on the husband's 
time allocation as the least squares results reported in Chapter VI. 
The signs and significance of the estimated coefficients of husband's 
and wife's age variables show that the net effects of aging, i.e., the 
husband and wife aging together, are increases in the annual hours of 
leisure of both the husband and wife. The estimated coefficients of age 
of the husband and wife are of opposite signs in the capital-labor ratios. 
However, the elasticities of demand, evaluated at sample means, are of 
approximately equal value. Thus the net direct effects of aging on the 
relative capital intensity of household production are near zero when 
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household size and composition are held constant. 
The variables measuring household size and composition dominate the 
wife's time allocation. A wife with one child in each of the four age 
categories works 360 (1069) annual hours more than a wife with only one 
child in the youngest age class (no children at home). Assuming increases 
in the number of children in any age class is simultaneous with decreases 
in the number of children in the preceding age class, the amount of time 
allocated to household labor by the wife declines as children age, while 
leisure increases. Older children's time in household labor substitutes 
for the wife's household labor. While the effects of children and house­
hold size operate primarily on the wife's allocation of time between house­
hold labor and leisure, the effects on the husband operate on the alloca­
tion of his time between income-producing time allocations and leisure. 
Older children's time in farm production substitutes for the husband's 
farm labor. 
Of all the variables measuring household size and composition, only 
the estimated coefficient of the number of eldest children is statisti­
cally significant in the capital services equations. The positive sign 
of this estimated coefficient may capture life-cycle effects of accumula­
tion or the use of automobile services by teenage children. The estimated 
coefficient of household size is negative and significant in the capital-
labor ratio equations. This result reflects the dominance of household 
characteristics on the determination of the wife's time allocation and 
the relatively large share chat the wife's household labor represents in 
total household labor. 
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Conclusions 
The signs and statistical significance of the estimated coefficients 
in the capital-labor ratio equations of the array of inccme variables and 
household characteristics suggest that household size and composition 
carry much stronger effects on the relative capital intensity of house­
hold production than the income variables. This is especially true for 
the wife's household time, and the results imply this effect dominates 
both capital-labor ratios. 
The concept of partial labor replacement is suggested for husband's 
and wife's farm and household time allocation by the estimated equations. 
The estimated coefficient of wife's wage rate shows no statistically 
significant effects on the wife's time allocations, but is significant 
in the husband's farm and leisure equations. The signs and statistical 
significance of the estimated coefficients of the dummy variables associ­
ated with off-farm labor force status reinforce the findings of labor re­
placement between the husband's and wife's time allocation. 
The results where leisure and household labor are treated separately 
show numerous instances where an aggregate time measure would yield mis­
leading results. This is especially true for the wife's time allocation 
and the capital-labor ratio analysis. By disaggregating the two time 
allocations, the effects of household composition and income variables 
on the division of time between leisure and household labor for home good 
production are clearly distinguishable. The elasticities of demand for 
leisure with respect to income measures, age of adults, and aging of 
children, are positive. 
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While complement and substitution effects between the husband's and 
the wife's various time allocations are not directly estimable, the re­
sults are consistent with the existence of complementarity between the 
husband's and wife's leisure. The model of joint time allocation indi­
cates this would be a reasonable result. 
Farm policy in the United States has aimed at increasing farm in­
comes. The results in this study imply that farm policies which increase 
permanent farm inccme and other governmental policies that increase 
permanent nonfarm nonwage income will have similar effects on time allo­
cations of farm husbands and wives. For either policy, farm labor time 
decreases, the annual hours of leisure increase, the demand for house­
hold capital services increases, and the relative capital intensity of 
household production rises. 
The location of the farmstead with respect to employment opportuni­
ties plays a role in the time allocation of the husband and wife and the 
relative capital intensity of household production. The closer is the 
household to cities of 10,000 or more people the higher is the husband's 
wage rate. The Tobit results reported in Appendix C show increased 
market labor and decreased farr. labor as the husband's wage rate increases. 
Furthermore, increases in the husband's wage rate increase the demand for 
household capital services and the relative capital intensity of house­
hold production. The results reported for the wife's wage equation show 
the wife's wage declines for farmstead lying closer to employment oppor­
tunities. This decline in her wage rate increases the wife's annual 
household labor, decreases the husband's househclù labor, increases the 
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demand for capital services, and increases the relative capital inten­
sity of household production. The results imply that the closer is the 
farm household to off-farm employment opportunities, the greater is the 
relative difference in the husband's and wife's wage rates. This larger 
difference leads to increased off-farm labor by the husband, to in­
creased demand for both household capital services and the wife's house­
hold labor but to a relative increase in the capital intensity of house­
hold production. 
While household composition variables play a major role in the de­
termination of the wife's household labor and leisure, income variables 
play a primary role in determining the household's demand for capital ser­
vices and in the husband's time allocation between leisure and income-
producing labor allocations. Due to the importance of farmstead location, 
operated acres of the farm, and permanent farm income, generalizations 
from results reported in this study to urban wage earners should be care­
fully considered. 
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APPENDIX A 
Farm Household Model 
The model of the farm household developed here is based upon the 
concept of the productive household, but it will differ from most models 
found in the literature. The household uses inputs to produce goods con­
sumed by the household members and to produce farm output; but rather 
than using two separate production functions, a single joint production 
function for farm and household output is employed. The basic inputs are 
labor, market goods, and capital services. Intermediate inputs such as 
food prepared in the home are also used in household production. House­
holds combine members' time in labor around the house witl purchased 
market goods to produce household output or what is sometimes referred 
to as home goods. Purchased durable goods with an expected useful life 
span exceeding one year are assumed to yield a stream of services to the 
household over time and are distinguished from other market goods. 
There is no attempt to distinguish particular goods or commodities 
resulting from household production in this model. The emphasis is on 
human time allocation, capital services, and factor ratios in household 
production. This model will be shown to have expanded power for explain­
ing decision-making in farm households. 
The farm household is assumed to maximize utility subject to three 
constraints; the joint household and farm production function constrains 
the conversion of inputs into outputs, the members' total available time 
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constrains the allocation of time to human time using activities, and 
the purchase of market goods is constrained by realized income. The 
household unit in this model is assumed to be a single family farm house 
hold. To simplify the analysis, only the time allocations of the farm 
operator and spouse are considered. 
No specific functional form is assumed for the joint production cf 
household and farm outputs. Household output is treated as an aggregate 
of all commodities produced by the household. This development follows 
the analysis of Pollak and Wachter (1975). Earlier studies have often 
made restrictive and sometimes unrealistic assumptions about the func­
tional form of the household's production function in an attempt to make 
empirical estimation more tractable. While specific time allocations 
are of interest, the possibility of the existence of jointness in produc 
tion is explicitly recognized, and household production is not assumed 
to conform to any particular algebraic form. 
Objective function 
Household satisfaction or utility is assumed to be a function of 
household produced output (Y„), or home goods, and the leisure of the 
n 
operator and the spouse (T^^) and Tg^, respectively):^ 
(1) D=H(Y^.T,j,,l2L>-
Household produced output can be produced in the home by combining mem­
bers' time with purchased market goods, or in some cases, market goods 
may be perfect substitutes for home goods (Gronau, 1977). 
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Constraints 
The technc''Dgy of joint farm and household production is represented 
as an implicit production function: 
(2) . 0. 
where 
Y„ «= total farm production, 
r 
Y„ = total household production, 
n 
T, = operator's household labor, 
T. = spouse's household labor, 
2i% 
TT " operator's farm labor, iF 
T- » spouse's farm labor, 
X = nondurable market goods primarily in home production, 
» capital services primarily in home production, 
Z » nondurable market goods primarily in farm production, 
Kj, " capital services primarily in farm production, 
Y «an environmental parameter of production, reflects educa­
tion, age, and composition of the household. 
Time allocations of the farm operator and spouse are divided into 
four "productive" activities; leisure produces utility, farm and market 
labor produce money income, and home labor produces household ouput. 
These are denoted as: 
T^^ = nonfarm employment of the operator, 
T^^ " nonfarm employment of the spouse, and T^^, T^^, T^^, 
'^2H' '^IF' '^2F defined above. 
Furthermore, the total time available of the operator and of the spouse 
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for allocation by the household is given, and the total time constraint 
of each individual is; 
(3) i = 1,2 (operator and spouse). 
In this model leisure differs from household labor- Household labor 
is primarily an input in household production, and leisure is an argu­
ment of the utility function. While individuals may receive some satis­
faction from performing of household labor, farm labor, or nonfarm labor, 
these nonpecuniary rewards or psychic wages are ignored. Generally mar­
ket goods, capital services, or hired labor might be substituted for own 
nonmarket time, that is, farm and household labor. However, market 
goods, capital services, and hired labor are not substitutes for own non-
market time in every instance. 
The full income received by the household is defined as : 
(4) W.I^ + Wjlj + V + + P^ + + 
where 
"l"lL + + Vtl * ^2H + ?2p) • 
= the observed or reservation wage of the operator, 
W2 =" the observed or reservation wage of the spouse, 
V • income from nonwage and nonfarm sources, 
p Z » quantity of noncapital inputs (Z) times input price 
Zi 
(Pg) primarily for farm production, 
Pj^ K.., = quantity of capital services (Kp) times price of 
caoital services (P„ ) for farm production, 
S 
® quantity of noncapital inputs (X) times input price 
(P^) primarily for household production, 
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P K = quantity of capital services (K^) times price of 
KR H -H 
capital services (P ) for household production. 
A Lagrangian expression for maximizing household utility (1) sub­
ject to full income (4) and production (2) constraints can be shown as: 
- + «2^ 2 + V + - P^ Z - P^ X - P^ K^  - P^ K^  
- + ?!?) - "2(^ 21 + ^ 2H + ^ 2?)] 
The first order conditions for an interior solution are: 
(6) 3L/âYjj = Uy - X G = 0, 
H H 
(7) = u - X.W = 0, 
11 ^ 
(8) 
^/»21 ' - "2*2 ' 0-
(9) âL/âX " 
- hS. + "2^X ' »• 
(10) ûL/âK = 
n 
• ^ 
(11) SL/acip ' - + "2«1 ' 
(12) aL/3r,j 
(13) &L/&Z " 
• hS + 
(14) âL/âKp = • h\ + ' 
(15) bL/arij, = - ^ =1,, + "2"l 
(16) aL/M2H 
' - * \"2 ' 
(17) ôL/SYp = 
- - XjPp - ' 
(18) = 
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(19) a/SXj = + V + - P^z - P^ - P^^Kg - -
"l^ lL + ^ IH + ^ 1?) - "2^ 21 + •^ 2H + ^ 2F) = 
The total differentials of the first order conditions are shown below. 
Equations (20)-(28) are shown in Chapter II and the numbers will not be 
used here to avoid any confusion. 
+ V2.^ \ ' ' 
- V^2 = ^2^"r 
«1L - «2. - • ^2^"2-
+ =XÏ„«1H + + %g«2E + =XX® + " 
H H "F 
X^T^ p'^ l^F ®XT2/^ 2F ' "x"''2 " "2""x' 
(") H\y^ '^ H + \Y/^ F + + V2/^2H + °KgX® + 
+ Va/^- ' • V: ' 
' 'TmT2p"2F + " 
Wid%2 - XgdW^, 
4[=T,,Y«H + «2H + + 
W2«2 = ^ 2%' 
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(36) 
(37) 
(38) 
(40) 
(41) 
(42) 
* =I,,V,«F + «1H + + =- + 
IF IH 
T ( 
'IF 2F 
IF 2H 
'TlFSH*"* ' 'ïltTlF^'lF + GT._T._M2F + %" " + G_ .dz] 
= x^dw^. 
=T..K,.'^  ^+ S„T,_®1F + S„I._«2F + GT^ pKpMp + 
2F H 2F IF 
*2*^ 2 " ^24*2' 
2F 2F T2f^ 
T2^ 
dz] -
Xi [G Y + G dY + G,, „ dT,_ + G„ ^  dT,„ + G„ _dX + 
F H FF Vi„"nH V2H V 
 ^°?F?2f*^ 2F ^  + PpdX; 
- ^ 2«F' 
(39) + %Y/P + %T,, 
G„ Tr dK^ + G„ „ dT,„ + G 
«IH + %I2/'2H + + 
*v 
2^«K,' 
+ «Zï/'^ F + «ZT^ /^ IH + "zX. f zR + °ZX® + " 
®ZI, «IF + =ZI ®2F + CZZ^Z + G dKj] - P^dX, - X^dP^. 
+ S «F + + ®T2/^2H + S® + %®H + + 
+ \/''n + S,/2F • °-
T^dW^ + TgdWg + dV + P^Y^ - P^dZ - ZdP^ - P^dX - XdP^ - P^, dK^ -
H 
V\ - • V% - ®1<^1L + ^ IH + ^ 1F' 
+ dT^g + dT^p) - d«^(T,^ + T,g + T,,) -
"2(«21 + + «2F'  
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The total differentials of the first order conditions can be placed 
in a bordered Hessian matrix. This appears as Table A.l which contains 
equation (43). 
(44) = T^ dW^  + TgdW^  + + Y^ dP^  - ZdP^  - XdP^  - K^ dP^  - K^ dp^  -
dWi(TiL + T^g + T^p) - + Tgp). Let D = determinant of the 
bordered Hessian and the noted D.. are the cofactors of the i-th 
row and j-th column from the inverse of the bordered Hessian. 
(45) E . + T„ + Tip) + + Tjj) + + P,Z + + 
\S ' Vl + V2 + ^  + VF 
Using Cramer's Rule, the change in the demand for the operator's 
time in household production is 
(46) - 4I>2,7/»1 + 
+ + ^ 2®9,7®x'°H + ^ 2°10,7 
^2®13,7'^^Z' 
H 
DXj + 
Substituting for d(|> and taking the natural logs yields 
(47) dlnT^y = Dg^/T^gDX^Cw^T^dlnW^ + W^T^dlnW^ + VdlnV + P^Y^dlnP^ -
P^ZdM - p^ainp^ . Ps^KgdlnEK^^ - FkjV'% " 
"l"lL + + Tlf) - »2(l2L + ^ 2H + ^ 2F> + 
+''2^2''4,7'^1""2'^1H"^ " ¥2°6,7"=-^F 
Table A.l. Equation 43 
VS 0 -pp/'l VH 
0 
0 
V'-i 
Gx/^1 
=T,/\ 
Gg/Xi 
W2A1 
-PpA, 
"I'H 
W2/X, 
"l/'i 
"2'H 
h 'h  
P.. /X, 
u 
T21T1L 
u 
"^ 11^ 21 
U 
^ll^H 
U, 
Vll 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u 
^2L^2L 
u Y T 
2L 
0 
0 
0 
0 
0 
0 
0 
0 
0 
u. 
u. 
VH 
T Y 
I H H  
T Y 
2 H H  
XY, 
H 
'^ 2F^ H 
ZY. 
H 
Va 
VF 
^ifF 
T V 
2H"F 
XY_ 
% 
TlfTp 
•ZYH 
0 
0 
VlH 
VLH 
T T IH IH 
'^ 2H^ iH 
"^^ IH 
^VlH 
^IF^IE 
^2F^1H 
ZÏ IH 
u. 
S^IH 
144 
G?;/': 
V'i "l'\ 
s,/H 
"a'S 
y\ 
h'\ \'\ 
Y T 2H V \^ 1F Y T 2F 'V \S 
V2H V VIF F^^ 2F V F^^ F 
^1H^2H "^IH^IF 
't t IH 2F 
T T 2H 2H 'TlH* T2HKH 
n T 
'2H IF ^2H^2F ^2fF 
XT 2H XX XI IF XT 2F XZ 'XK^  
V2H V V: H KgFlF H^^ 2F 
^1F^2H 'TlF* TlpTlF TlF?2F TlfZ '::iA 
^2F^2H '?2FX TzpZ '^ 2F^ 1F ^2F^^F ?2FZ 'T2F4 
ZT 2H ZX 
'KpfzH Kf X 
'ZK ZT IF ZT 2F 
G., 
ZZ 
KpKa KpTlF CpTlF S? 
Table A.l (Continued) 
I d\^/X^ 
I 
0 
d(^  
dT 
IL AgdW/Xi 
dT 2L XgdWz/Xi 
dY, 
-X2dPp/Xi 
dT 
IH X2dWi/Xi 
dX 
dKn 
4TlF 
t2aPKg/tl 
dT 2F XgdW^/Xi 
dZ 
dK^ 
t24Pz/tl 
X^dP^^/X^ 
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" 2 ^ 2 ^ 1 2 . • * "  ^Z ^ 2 ° 1 3 , 7  
+ %t2»14.7''L°fK,/Tlftl' 
Noting that = X^W^/X^, G^ = W^i' = 
\''i'\' ' W'\' «Z - \ '\\'h- \ ' h\'h' 
' h\'h- »Tg_ - \''2'h- * = ?%% + V + \'^ H + \S + 
"I'^ IL '*' ^ IH '"' + "2^ 2^H "*' ^ 2H '"' ^ 2F^ ' + 
+ ^ 2fT2p + + ^ 2L\^ + ''"X + + \\ + VKJ + 
"'• '^ 2H^ 2"2'^ 1 '*' '*' T2p^ 2"l/^ 1 ''' ^ lL^ 2"l/^ l "'" 
2^l'-2"2'^  + !^ 2VS + + V2\"-l + hh\'\ ' ^ 2'H"IH"I 
+ ^ 2H«2 + •^ 1F"I + ^2F"2 + ^ 1L"I + ^ 2L«2 + + ^ Z^ + + S%' 
= ("lA,, + ^ 2^ 3, + + "lA,, + ^ 2l"T,, + 
+ ^ ®z + \\ + 
Then employing the relations shown above in equation (47), portions 
of that equation may be shown as weighted elasticities as follows 
(48) W,I„/R(R/T^ g.Dj_,/BX,) . 
C49) W^I^^/RWIig.Dj^j/DX^) = 
(50) V/R(R/Ijjj.Dj_,/DXj) = 
(51) PjyR(R/Ij,,.D2_j/DX,) = 
(52) -PJJX/R(R/Ij^JJ.D^^^/DXJ) = -
(53) -Pz2/R(R/Iia'»2,7/0^1) = -
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(54) 
-P^ YR(R/T,g.D2^ 7/Q,^ ) = 
(55) 
-P;_Kp/R(%/Tig.D2 ,/DXi) = 
(56) l^^ lL\/'l(^ 3,7/^ lflL) = 
(57) W2T2L%2/TL(34.7/ORIBF2L) = 
*^ 21 ^ IpFzi 
(58) 
-PpY;A2/Xl(D6,,/DTigYp) = -
" W^'  
(59) WiTig\2/Xi(D, 7/DTigIi2) - T ' 
^IH ^ iriH 
(60) 
^2^2H^2^^ 1 ^^8,7'^°^1H^2H^ fTi 9 
2H ^ 1H^2H 
(61) 2XM2/LL(»9,7/»TLB%) = 
(62) 
:^ 2fE"2/ti(»io.7/:%iEFa) = 
(63) WLTLF"2/%L(»LL,7/»RISFLF) : 
 ^""^ IF'^ II^ IF' 
(64) 
2^'^ 2F^ 2^  ^1 ^ 1^2, 7^ 1^S^ 2F^  ' 
2^F ^ IH^ ZF 
(65) V'2''^ 1^ °13,7^ 1^H^  ^~ ^ Z^ T. Z» 
ill 
(66) 
W^'  
Substituting equations (48)-(66) into equation (47) yields 
(67) dlnT^ = K, n ^dlnW^ + k,^ r] ^dlnW + ^dlnv + 
- "be Ij/'-'-X - "z - \ • 
VT + k* C? K (llnP + \ T + ^ T 
lir ^ IH H ^ ^IF IH IF "2F 
a ^ dlnW_ + k a _dlnp + k% v ^In? - l'^ c 
^IH 2F 2 Z Tlf 2 ^ifF ^F 4 ^irF 
dlnP^. 
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Looking at the individual effects of changes in one exogenous vari­
able related to the three sources of income, assuming all else constant, 
yields the following direct effect on the demand for the operator's 
household labor, 
(69) dlnl^ /^dlnV = 
(70) dlnlj^ /dlnPj . - YlijYp-
The cross-person effect of a change in Lhe operator's household 
time due to a change in the spouse's wage is. 
(71) dlnT^^dlnW = a * 
2L 1H^2L 2H lir2H 2F IH 
+ 
2F 
2W 
Equations similar to (48)-(66) can be developed from tha information 
contained in the following equation, dealing with the demand for the 
operator's leisure time. Using Cramer's Rule from equation (43), 
(72) . »2.3dt/DXi + D3_3dWjX2/DX^ + D^^jdW^X^/DX^ - + 
D7_3dB^ X^ /DX^  + °8,3'^ V2'=H + »9,3"'V2"^ 1 + °10.3'»\^ 2' 
+ °11.3''"i''2''®H + "12,3^ 2^ 2/='^  + I'l3,3«V2'''»l -
r 
Substituting for d(j) and taking the natural logs yields, 
(73) dlnT^^ - Dg g/T^i^^^DX^Lw^T^dlnW^ + = VdlhV + P^Y^dlnP^ -
- \V'"\ - - "I'TlL -
Tig - TijldlnWj - Wjdjg - - T^pdlnWj] + 
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+ V2°4,3"''«2 " V2°6.3"-^ F + 
«l'^2®7,3"""l + V2®8,3«°"2 + Y2 .^3''^ °^ X + 
\'2''lO,3«-^ Kg + "I^ 2®11,3«°"I + V2''l2,3^ 1""2 + 
Then substituting equations developed similarly as equations (48)-(66) 
yields 
dlnPy - " 
"" \ n V j  
dlnW^ + 
"IH 
\o dlnW + le, ff dints' + k^ c dlnW. + 
2H 1L 2H IF 11 IF 2F 1L 2F 
„dlnP„ + 
'z\^z 
The effects of changes in one of the three exogenous variables re­
lated to the sources of income, assuming all also constant, yields the 
following effects on the demand for leisure of the operator, expressed 
as elasticities, 
(75) dlnT^ /dlnW = k_ e_ ? +l(_a +k,^ff + 
^ nL ^ IL^ll hn IH IF ni IF 
(76) dlnljj^/dlnv = , 
(77) dlnT^ /dlnP - - a + k? 
^ ^F ^ IL-F ^F ^ IL^ 
The cross-person effect of a change in the spouse's wage on the 
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operator's leisure, all else constant, is 
(78) dlnT /dlnW +k,^a +k,^a + 
^ ^ 2L ^ir2L 2H ^ 1L 2H ^2F ^ 1L^2F 
^2W 1L 
Using Cramer's Rule in equation (43) shows the changes in the demand 
for the operator's farm time as 
(79) + D3,1I'^V2/®1 + " ''6,ll'^V2/ 
dP^X^/DX^ + Dii_iidWj^^/DXj + "12.11^2^'"^ • °13,11'^V2/ 
Substituting for d<j> and taking the natural legs yields 
(80) dlnT^^ = + W^T^dlnW^ + VdlnV + P^Y^dlnP^, -
P^ZdlnP^ - -
+ '•iH + - «2(121 + ^ 2H + + 
[WiXjDj^^jdlnWj^ + HjXjD^^j^j^dlnWj - Pp''2°6,+ 
"l'2°7,ll"""l + V2''8.U«''"2 + V2°9.11^ 1"^ X + 
Then substituting equations developed similarly as equations (48)-(66) 
yields 
(81) dlnT,, - " V^lp'' 
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a dlnW + k a dlnW + k a dlnP + 
IF^IH ^ ^2H ^ 1F^1F^2H ^ ^ ^ IF 
V^ lF^ ' 
The effects on the demand for the husband's farm time, expressed as 
an elasticity, due to changes in one of the various primary income 
sources, all else constant, are 
(82) dlnT,,/dl„„, . + 
(83) dlnT^p/dlnV = , 
(84) dinT^  /dlnP = & - ky ?? y ' 
IF F \ ?1F% ^IF^F 
The cross elasticity of demand for the husband's farm time with re­
spect to changes in the wife's wage rate is 
(85) dlnT /dlnW - Kp a„ ^ + k a + k? a? - + 
^2L ^1F 2L ^2H ^ IF 2H ^2F ^IF 2F 
Similar sets of equations can be developed for the demands of the 
wife's time in household, farm, and leisure activities by changing the 
noted subscripts. The same effects will impinge on the wife's time allo­
cation, therefore the general functional form is unaffected and only the 
subscripts are altered. These equations are presented at the end of 
this Appendix. 
The demand for capital services may also be developed, and using 
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Cramer's Rule yields. 
°h * "7,10^ 1^ 2'°^  = ''8.10''V2'°^  + °9,10°V2/®1 + 
®lO,10''\jj^2''®^l •*" •*• Dl2,10^"2^2/G%l + 
•'l3.10«z'2''^  + 
Substituting for dcji and taking the natural logs yields 
(87) dlnKg = Dg ^^/K^X^Cw^T^dlnW^ + W^T^dlnW^ + VdlnV + P^Y^dlnP^ -
- Px^LPx - + 
Tih + T^ )^ - + T^ JJ + Ï^F^dlnWg] + [Wi^2^3,10 1^°^ l 
*2t2»4,1041**2 - PpXzDg iQdlnPp + W^ X^ D, lodlnW^  ^+ 
*1^2^^1,10^1**1 *2^2^12,10^1**2 ^Z^2®13,10'^ 1*^ Z 
fKpt2»14,1041*PKp]/Ka»il' 
Then substituting equations developed similarly as equations (48)-
(66) yields 
(88) dlnKjj = k^^^vjj^j^dlnW^ + k^^^nj^^dlnW^ + k^fJ^^j^dlnW + k^^ii InP^^ 
CT rj, dlnW^  + k,^  a ™ dlnW- + k^ a dlnP + 
^IL VlL 1 ^2L V2L 2 ^ V X 
k% c% K din? + k,^ a dlnW + k,^ a dlnW„ + 
^ VSï ^ ^IH VlH 1 ^2H V2H ^ 
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The effects of a change in one of the various primary sources of in­
come, all else constant, can be shc7..-i; 
(39) ' '-l/VlP " "TjV 
(90) dltiKp/dlnV = kylt g. 
(91) dWKg/dlnPp • 
The own price elasticity is 
(92) ' \-'K^ - K^" 
The demands for the wife's time are not developed in a complete 
sequence since such development would be a repetition of the husband's 
equations with the subscripts altered. The results, reported as elastic­
ities are shown below, 
(93) dlnT^dlnW = a ^N-^T + 
^2H ^ 2ir2H 2L ^2H 21 ^2F 2ir2F 
(94) dlnT„„/dlnV = 
(95) dlnT,, /dlnP = k_ ^  a , 
(96) dlnT /dlnW = k,_ a + )^ a +ka -f 
IL 2H1L IH 2îriH IF 2iriF 
(97) dlnTg /dlnW = k,. a +%. a +k,. ^ + 
2L 2L 2L 2H 2L 2H 2F 2L 2F 
^2W ^ 2L 
(98) dlnT^^/dlnV = 
(99) dlnT. /ala? " K, y % - ky v ' 
^ ^F ^2L ^F ^2L^F 
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(100) dlnT^ /dlnW = e +k,^a „ +k,^a + 
^  ^IL V l L  ^IH ^ 2L^1H ^1F ^ 2L^1F 
"TlW^ TziK' 
(101) dlnT /dlnW = a + \ c  + v ^ 4 -
^2L 2F 2L 2H 2F 2H 2F 2F 2F 
'^ 2w''V 
(102) dlnT2p/dlriV = 
2F 
(103) dlnT^ /dlnP = , 
F T2J.R Tj. T^ pYp 
(104) dlnT. dlnW = k cj + k,^ CT + k CT 
IL 2F IL IH 2F IH IF 2F IF 
\ v V  
+ 
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APPENDIX B 
Estimate of Capital Services in Household Production 
The capital service estimate developed in this section is an esti­
mate of the annual value of services from primary capital goods in the 
production of household output, or what is sometimes referred to as home-
goods. It is an estimate of the annual rental value of the services from 
household appliances, automobiles, and housing. 
The estimated rent equation for monthly rental value of the farm 
home is presented in this section. Due to the fact that a great many of 
the respondents actually own their farm house, the monthly rent quoted in 
the survey was an estimate for those respondents. However, information 
was collected on each farm house with regard to age, rooms, plumbing, 
heating, insulation, garage type, type of construction, location, and 
general condition. Thus, the rent estimate based upon this equation 
should be relatively more free of error. 
The annual value of automobile services is estimated by multiplying 
the number of miles reported by respondents for all automobiles by $0.14. 
This method may overstate the annual value of services from automobiles 
to household production because the mileage reported by most households 
undoubtedly contains some leisure and farm business travel. 
The estimated useful life spans, average ages, and original market 
prices of the 20 primary household appliances included in the Iowa Farm 
Family Survey are shown in Table B.l. The estimated useful life spans 
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Table B.l. Durable goods included in survey questionnaire 
Durable goods 
Average 
age 
Estimated 
life-span 
Estimated 
lal 
price 
1. Automatic clothes washer 6 11 220 
2. Wringer washer 10 20 150 
3. Automatic dryer 7 13 210 
4. Refrigerator 8 15 300 
5. Stove 7 13 280 
6. Freezer 8 20 190 
7. Dishwasher 5 11 250 
8. Microwave oven 3 13 450 
9. Sewing machine 7 13 120 
10. Lawn mower 6 15 80 
11a. Garden tractor or tiller 
3.5 H.P. 
7 15 190 
lib. Garden tractor or tiller 
3.5 H.P. 
7 15 250 
12. Electric fry pan 5 10 23.50 
13. Electric mixer 5 10 20 
14. Electric blender 5 10 23.50 
15. Toaster 4 10 14.00 
16. Electric can opener 5 10 13.50 
17. Slow cooker (crockpot) 3 10 20 
18. Electric iron 5 10 18 
19. Electric hair dryer 4 10 17 
20. Vacuum cleaner 6 12 145 
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are based oa work by Tippet (1978) and a U.S.D.A. Bulletin. The age dis­
tribution of household appliances was not subject to any analysis except 
on a few selected appliances. A uniform distribution was assumed. How­
ever, because many appliances have approximately equal expected life 
spans the average age is not always the mean of the uniform distribution 
in order to avoid showing all families purchasing a majority of their 
appliances in one year. Microwave ovens and slow cookers have not gen­
erally been on the market as long as many of the listed appliances, thera-
fore, the average age of these goods is smaller than the mean for the uni­
form distribution by several years. 
The computation method employed to estimate the annual value of ser­
vices from household durables was 
20 
K.S. = E P. (r + ^  ). 
i=l 
where K.S. = sum of the value of capital services from household 
durables 
= estimated original market price of the i-th durable good 
r = rate of interest 
^^ = estimated rate of depreciation 
The estimated original market prices are based on average prices 
from Sears and Montgomery Ward catalogs of the appropriate year based on 
the average age of the appliance in 1976. For ezzamp^.e, an automatic 
clothes washer has an average age of 6 years, and the catalogs used to 
find an average price were from 1970. 
The estimated rate of depreciation is a simple straight line rate 
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based on the expected useful life spans. Therefore the rate of deprecia­
tion is the reciprocal of the expected useful life span. 
The rate of interest is treated as a constant, 0.07. 
Due to the estimates necessary to establish the annual value of the 
stream of services from household goods some clarification of the sources 
of possible errors is necessary. Government prices indexes for durable 
goods show rising prices since 1964. Therefore, the older the actual 
age the lower the value of services because the original market price 
declines, all else constant. 
If the actual life spans vary from the expected, a decrease in the 
life span increases the annual value of capital services, all else con­
stant. 
The value of the annual services of a durable good varies directly 
with the market price of the good, all else constant. If the average 
prices estimated from the catalogs exceeds (understates) the actual 
prices paid by farm families for the appliances then annual service esti­
mates exceeds (understates) the actual value of capital services. 
Estimated rent equation 
Of the 933 farms interviewed, 766 estimated the monthly rent for 
their farm house. Thus it was necessary to fit a rent equation in order 
to arrive at an estimated value of the stream of services from housing 
for all observations. Information on the individua1 houses was avail­
able with regard to the plumbing, heating, insulation, garage type, plus 
the age of the house, rooms in the house, and house type. Dummy variables 
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were created to capture effects of various plumbing, heating, insulation 
and garage characteristics. Most of the dummy variables were not statis­
tically significant. The major explanatory variables were age of the 
house, rooms in the house, and distances to the nearest city of 10,000 
or more population, and an SMSA. The rent equation used to estimate the 
value of the stream of services from housing for all observations is 
shown in Table B.2 as equation 1. 
The age of the house has a negative coefficient in level and a posi­
tive coefficient in the squared term. The positive effect of age occurs 
at a level of 101.8 years, however, the oldest house reported in the sur­
vey has a maximum age of 98 years, thereby eliminating any positive 
effect from age. 
Rooms in the house carries a positive coefficient in level and a 
negative coefficient when squared. This indicates diminishing marginal 
rents as size increases, but a negative effect on rents does not occur 
until the level reaches 14.7 rooms, a fairly large value. 
Distance from a city of 10,000 or more has a negative coefficient 
in level and a positive coefficient in the squared term. The positive 
effect on rents occurs after 78 miles which 2x.. eels the observed maxi­
mum. 
Similar signs are found for the distance from an SMSA and the posi­
tive effect on rents occurs at a level of 141 miles, which also exceeds 
the observed maximum. 
Both of these results correspond to the traditionally considered and 
consistently observed rent gradient studies pervasive in the urban 
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Table B.2. Rent equations: Iowa farm houses, 1976 
Regression a,b 
Constant 
Age of house 
Age squared 
Rooms in house 
Rooms squared 
Miles to city 
Miles squared 
Miles to SMSA 
Miles SMSA squared 
Dummy variables 
Auto, central heat 
Central air conditioning 
Attached garage 
Mobile home 
F-ratio 
N 
213.88 
(8.73) 
-1.832 
( -6 .66)  
0.009 
(3.80) 
16.76 
(2.97) 
-0.517 
(-1.66) 
-3.12 
( -6 ,86)  
0.039 
(4.71) 
-2.063 
(-5.69) 
0.015 
(4.49 
20.42 
(3.98) 
11.87 
(2.30) 
16.70 
(3.10) 
-80.60 
(-4.16) 
.4745 
56.73 
766 
5.06 
(27.98) 
-0.009 
(-4.53) 
0.00003 
(2.02) 
0.133 
(3.20) 
-0.005 
(-1.97) 
-0.021 
(-5.95) 
0.0002 
(3.75) 
-0 ,011  
(-4.17) 
0.00007 
(3.05) 
0.192 
(5.07) 
0.077 
(2.01) 
0.125 
(3.14) 
-0.580 
(-4.06) 
.4231 
45.95 
766 
Dependent variable in 
able in equation 2 is the na 
equation 1 is rent in level, dependent vari-
tural log of rent. 
Ordinary least squares regression employed, t-ratios in parentheses. 
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economic literature. 
The dummy variables' signs are consistent with the expected signs, 
given the effects they were created to capture. The dummy variables for 
houses reporting automatic central heat, central air conditioning, and 
attached garages have positive signs. A dummy variable for housing char-
acteristized as mobile homes has a negative sign. 
The total value of capital services to the household is the sum of 
the value of the services from household durables, the value of automobile 
services, and the annual rental value of the farm home. 
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APPENDIX C 
The Tobit Estimation of Time Allocation 
The problem of truncated dependent variance is treated by Tobin 
(1958). Statistical inference using ordinary least squares estimators 
is based on the assumption that the error term is distributed normally 
2 
with a mean of zero and constant variable a ; 
o 
= p'x^ + u^ and u NID(0, a^), where i = 1, 2 . . . N 
and p is a kxl vector of unknown constants, and is a kxl vector of 
2 
known constants. If Y^ is truncated, the error term u^ is not NID(0, 
The Tobin (1958) paper defines the maximum likelihood estimator and 
shows an iterative estimation procedure. Amemiya (1973) proves the 
strong consistency and asymptotic normality of the maximum likelihood 
estimators. 
The Tobin (1958) and Amemiya (1973) models are defined such that: 
y^ = + u^ if RES > 0^ i = 1,2 . . . N, 
= 0 if RHS < 0 J 
If the subset of integers •{l,2 . . . N] is the subset Y such that y^ = 0 
for neV, and S is the number of elements inVj then y is the complement 
of Y in the set integers -^1,2 . . . n1. Then y has N-S elements. 
Tobin (1958) defines the likelihood function as: 
L = [1-F(£-V .^^)] [g - (1/2^2; (y^ = s'xp^]. 
Amemiya (1973) shows the necessary assumptions for existence of the 
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1. Let 6 = ' and 6^ = (PQS^Q)'• The parameter spaced is 
2 
compact, does not contain a < 0, and contains an open neighborhood of 0^. 
2. is bounded, and the empirical distribution function de­
fined by G (x) = j/n, where j is the number of points x^, x , . . , x 
n 12 n 
less than or equal to x, converges to a distribution function. 
The maximum likelihood function is defined over(g), where 
eV —. 
fO'x., = J" - l/2(X/aS]^^. 
—» 
Amemiya notes the likelihood function is unusual in that it is a product 
of discrete probabilities and density functions. The log of the likeli­
hood function is then; 
log L = 2 log [1-F(B'X^, A^)] -  [(N-S)/2] log^ -
1/2 QCXYi - B V)^]. 
Amemiya (1973) then proves the strong consistency and asymptotic normal­
ity of the maximum likelihood estimator. 
Both sample husbands and wives have two time allocation components 
where truncation at zero is severe. For the husbands, only 182 of them 
report positive annual hours of market labor, the remaining 619 have a 
zero entered as the value of the dependent variable in the market labor 
regression estimates. Approximately the same situation arises for wives 
reporting positive annual hours of market work. Also the husbands show 
truncation in the annual hours of household labor, and wives show a large 
number of zeroes in the annual hours of farm labor. For these reasons 
the four above time allocation equations were estimated by the Tobit pro­
cedure. 
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The Tobit package employed is actually a hybrid Probit procedure 
developed for use in the Iowa State University computer facility by Dr. 
James D, Adams of the Iowa State University Department of Economics. The 
package is constrained to a maximum of 18 explanatory variables and an 
intercept term. For this reason, the estimated Tobit equations are not 
exactly comparable to the ordinary least squares regression equation 
shown in Chapter VI. The other time allocation equations were, however, 
reestimated by ordinary least squares using the same set of 18 explanatory 
variables as in the Tobit equations. 
Evaluation of Tobit Estimates 
The estimates of the husband's time allocation equations are pre­
senter. in Table C.l and the wife's time allocation equations are repotted 
in Table C.2. The husband's market and household labor equations are 
Tobit estimates and the farm labor and leisure equations are ordinary 
least squares regressions. The wife's market and farm labor equations 
are Tobit estimates and the household labor and leisure equations are 
ordinary least squares regression estimates. 
Although the set of explanatory variables employed in the Tcbit esti­
mation is not exactly the same set as in the ordinary least squares (OLS) 
regression estimates in Chapter VI, some gross comparisons of the direc­
tion of effects on time allocation are possible. In the regression 
equations reported in Tables C.l and C.2, for a given variable, the sum­
mation of coefficients across equations does not equal zero, which is 
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Table C.l. Tobit estimates of selected husband's time allocation 
equations, 1976 
Market^ Home^ 
^ b 
Farm 
b 
leisure 
Constant 3045.0 
(3.81) 
230.70 
(1.71) 
2385.29 
(5.25) 
2455.55 
(5.87) 
Wife's age 46.04 
(2.28) 
-0.056 
(-0.02) 
10.80 
(1 02) 
-22.69 
(-2.34) 
Husband's age -101.50 
(-4.86) 
-0.57 
(-0.061) 
-18.34 
(-1.75) 
42.87 
(4.14) 
Wife's education 8.61 
(0.16) 
-0.53 
(-0.061) 
-104.53 
(-3.58 
111.36 
(4.14) 
Husband's education -227.30 
(-4.97) 
4.68 
(0.61) 
79.5 
(3.09) 
-17.97 
(-0.76) 
Farm income, permanent 0.009 
(1.12) 
0.0018 
(1.75) 
-0.01 
(-2,86) 
0.002 
(0.71) 
Other income, permanent 0.172 
(7.92) 
0.0096 
(2.45) 
-0.08 
(-5.99) 
0.033 
(2.69) 
Operated acres -4.75 
(-10.83) 
-0.24 
(-4.18) 
1.85 
(9.50) 
-0,395 
(-2.20) 
Wife's wage, imputed -386.3 
(-3.40) 
6.66 
(0.38) 
302.81 
(5.09) 
-220.58 
(-4.02) 
Husband's wage, imputed 799.70 
(11.19) 
15.20 
(1.12) 
-191.69 
(-4.47) 
-75.26 
(-1.91) 
Number of children age 0-3 -310.80 
(-2.11) 
66.S 
(2.57) 
117.?? 
(1.31) 
-161.65 
(-1.96) 
4-6 -107.71 
(-0.69) 
268.40 
(0.98) 
-108.33 
(-1.18) 
62.78 
(0.74) 
7-11 -131.23 
(-1.30) 
-9.86 
(-0.55) 
52.08 
(0.86) 
-25.71 
(-0.46) 
^Tobit estimation, asymptotic t-ratios in parentheses. 
^Ordinary least squares estimation, t-ratios in parentheses. 
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Table C.l (Continued) 
Market Home Farm Leisure 
Number of children 12-20 32.00 -9.43 -40.15 24.98 
(0.55) (-0.96) (-1.21) (0.82) 
Number of household members, 165.54 -46.40 96.82 -121.17 
(Other than children under 21) (0.94) (-1.51) (0.96) (-1.30) 
Dummy variables 
Poor health: Husband 130.0 0.083 -515.26 543.44 
(0.20) (0.001) (-1.52) (1.74) 
Dairy farm operation -615.0 -108.0 1140,43 -829.43 
(-12.99) (-3.40) (10,71 (-8.45) 
F-ratio 19.785 18,577 
.2788 .2663 
N 801 801 
different from the regressions reported in Chapter VI. The reason is 
that different estimation procedures are used for two of the four equa­
tions reported in each of Tables C.l and C.2. 
Permanent farm income 
The coefficient of permanent farm income in the market labor equa­
tions of the husband and wife is not significantly different frcm zero 
for the Tobit estimates in Tables C.l and C.2 nor in the OLS estimates 
in Tables 6.2 and 6.3 in Chapter VI. The coefficient is statistically 
significant and positive in the Tobit estimate in Table C,1 and OLS esti­
mate in Table 6.2 of the husband's household labor. No real differences 
exist in the coefficient of permanent farm income between the OLS 
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Table C.2. Tobit estimates of selected wife's time allocation equations, 
1976 
Market^ 
^ a 
Farm Leisure^ 
b 
Home 
Constant 16.60 
(0.021) 
1879.67 
(4.98) 
2948.33 
(7.07) 
1234.54 
(2.93) 
Wife's age -20.1 
(-1.05) 
-2.91 
(-0.33) 
-6.57 
(-0.68) 
12.03 
(1.22) 
Husband's age -20.26 
(-1.08) 
-11.11 
(-1.27) 
17.67 
(1.83) 
-4.20 
(-0.043) 
Wife's education -37.72 
(-0.723) 
-34.36 
(-1.42) 
14.67 
(0.55) 
22.79 
(0.84) 
Husband's education 9.43 
(0.206) 
-35.57 
(-1.67) 
2.75 
(0.12) 
-3.17 
(-0.13) 
Farm income, permanent -0.0094 
(-1.45) 
0.0019 
(0.65) 
0.006 
(1.93) 
-0.003 
(-0.93) 
Other income, permanent -0.064 
(-1.81) 
-0.016 
(-1.23) 
0.026 
(2.11) 
-0.006 
(-0.47) 
Operated seres -0.672 
(-1.82) 
-0.174 
(-1.05) 
-0.117 
(-0.65) 
0.208 
(1.15) 
Wife's wage, imputed 407.37 
(4.03) 
11.11 
(0.224) 
16.19 
(0.30) 
-127.06 
(-2.29) 
Husband's wage, imputed 165.38 
(2.25) 
10.35 
(0.290) 
-3.65 
(-0.09) 
-13.11 
(-0.33) 
Number of children age 0-3 -690.82 
(-4.21) 
-157.96 
(-2.16) 
-397.61 
(-4.84) 
717.58 
(8.62) 
4-6 -716.44 
(-4.21) 
-76.48 
(-1.02) 
-9.00 
(-0.11) 
287.24 
(3.36) 
7-11 -367.44 
(-3.43) 
32.33 
(0.656) 
-167.36 
(-2.91 
261.86 
(4.63) 
*Tobit estimation, asynptotic t-ratios in parentheses. 
Ordinary least squares estimation, t-ratios in parentheses. 
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Table C.2 (Continued) 
Market Farm Leisure Heme 
Number of children age 12-20 -414.36 -30.10 -27.50 86.82 
(-2.36) (-1.09) (0.30) (2.82) 
Number of household members 31.49 -90.41 -313.30 391.21 
(Other than children under wl) (0.172) (-1.08) (-3.36) (4.15) 
Dimmry variables 
Poor health: Wife -1465.57 -689.37 993.30 -599.87 
(-1.86) (-2.39) (3.89) (-2.32) 
Dairy farm operation -9.15 597.27 -411.93 -65.59 
(-0.049) (6.87) (-4.20) (-0.66) 
F-ratio 10.959 11.098 
.1763 .1782 
N 801 801 
estimates in Chapter VI and in Tables C.l and C.2 in the husband's farm 
labor and leisure and the wife's household labor and leisure equations. 
Permanent other income 
The coefficient of permanent other income is significantly different 
from zero and positive in both the Tobit estimates in Table C.l and the 
OLS estimates in Table 6.2 of Chapter VI in the husband's market and 
household labor equations. It was also statistically significant and 
negative in the OLS estimates in Table 6.3 of the wife's market and farm 
labor equations, but the coefficient from the Tobit estimate reported in 
Table C.2 Is not significantly different from zero at the 10 percent level 
in the wife's farm labor equation. No differences exist between the OLS 
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estimated coefficients in Tables 6.2 and 6.3 and the OLS estimated coef­
ficients of permanent other income in Tables C.l and C.2. 
Husband's imputed wage 
Recall that the coefficient of the husband's imputed wage was nega­
tive and statistically significant in the OLS estimate of Chapter VI in 
his annual hours of market labor. This result is at variance with the 
majority of market labor supply studies for nonfarm males. The coeffi­
cient of the husband's Imputed wage in the Tobit estimate of the husband's 
market labor equation is positive and significantly different from zero. 
Thus, the truncation problem in the dependent variable associated with 
husband's wage Isbor seems to have affected the OLb estimate of the hus­
band's wage coefficient. There are no statistically significant cross-
wage effects for the husband's imputed wage in the OLS estimates in Table 
6.3 of Chapter VI or in the wife's time allocation equations. In the 
Tobit estimate of the wife's market labor equation in Table C.2, the co­
efficient of the husband's imputed wage is positive and significantly 
different from zero. This result is consistent with market labor supply 
studies surveyed in DaVanzo, Detray, and Greenberg (1973). 
Wife's imputed wage 
The only significant effect of the wife's imputed wage in the OLS 
estimates shown in Chapter VI was in the husband's farm labor and leisure 
equations. In the Tobit estimations, the coefficient of the wife's im­
puted wage is significantly different from zero in the market labor equa­
tion of both husband and wife. The Tobit estimate of the effect of the 
169 
wife's imputed wage on the husband's market labor, the cross-wage effect, 
is negative. The coefficient of the wife's imputed wage in her c.am;al 
hours of market labor is positive and statistically significant in the 
Tobit estimate shown in Table C.2. 
The striking changes in direction of effects and statistical signif­
icance of imputed wage rates in both adults' time allocation equations 
which are truncated indicates the need for caution when interpreting OLS 
estimates where truncation in the dependent variable occurs. 
Husband's education 
In the Tobit estimates, the sign of the coefficient of husband's edu­
cation is negative and opposite from the OLS estimate of this coefficient 
in Chapter VI in his market labor equation. This sign change is expected 
due to the sign changes in the imputed wage coefficient and the construc­
tion of the imputed wage estimate. 
Other findings 
No significant differences exist between OLS and Tobit estimates of 
the effect of the wife's education on time allocations. 
The coefficients of household composition variables show some differ­
ences between OLS and Tobit estimates. The primary result is that when 
children are present, the Tobit estimates indicate more of the increased 
annual hours of household labor by both adults comes from decreased mar­
ket labor by both adults than do the OLS estimates. 
In general, the Tobit and OLS estimates of similar equations match 
without substantial differences. The sources of disparities between the 
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estimations are in the effects of wages and education, which are closely 
tied to the instrumental variable estimate of wages. Although the signs 
and statistical significance of the imputed wage rates differ between the 
OLS and Tobit estimates, the remaining results of the Tobit estimates in­
crease the confidence in the reliability of the OLS estimated effects of 
the other explanatory variables. 
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APPENDIX D 
Estimated Demand Equations for Capital Services and 
Household Capital-Labor Ratios Using Other Measures 
of Capital Services 
This Appendix presents the estimated demand equations for the house­
hold's capital services and the household capital-labor ratios when the 
capital service estimate is composed of services from durable goods and 
automobiles, and solely of durable goods. The emphasis of this discus­
sion is placed on the differences that arise between the estimates using 
total capital services and any restrictions on capital services. Table 
D.l shows the estimated demand equations when the capital services esti­
mate is comprised of the services of durable household goods and auto­
mobiles. Table D.2 shows trie estimated demand equations when the capital 
services estimate is comprised solely of services from household durable 
goods. 
In Chapter VII, the signs of the statistically significant coeffi­
cients in the estimated demand equations for capital services using the 
four different measures and the capital-labor ratios created from the 
wife's and the wife's plus the husband's household labor are shown in 
Tables 7.1, 7.2, and 7.3. Those tables generally show reduced explana­
tory power for the estimated demand equations as the capital service 
estimate becomes more restrictive. 
172 
Table D-1. Estimates of demand equations for household capital services 
and for household capital-labor ratios: Durables and auto­
mobiles, 1976® 
Capital 
services 
Capital/ 
wife's 
labor 
Capital/wife's 
plus husband's 
labor 
Constant 110.9 0.666 0.76 
(0.21) (0.200) (1.80) 
Wife's age -18.24 -0.018 -0.017 
(-1.41) (-2.20) (-1.65) 
Husband's age 17.34 0.014 0.014 
(1.45) (1.88) (1.54) 
Wife' s  education 69.19 0.030 0.032 
(2.11) (1.47) (1.24) 
Husband's education 25.24 0.010 0.024 
(0.83) (0.55) (0.98) 
Farm income, permanent 0.0069 0.000006 0.000007 
(1.77) (2.28) (2.30) 
Other income, permanent 0.037 0.00001 0.00001 
(2.04) (1.43) (1.25) 
Operated acres -0.033 0.00009 0.000013 
(-0.14) (0.61) (0.07) 
Husband's wage, imputed 56.79 -0.003 -0.015 
(0.99) (-0.09) (-0.34) 
Wife's wage, imputed 22.12 0.011 0.025 
(0.33) (0.27) (0.48) 
Children ages 0-3 -111.67 -0.233 -0.28 
(-1.09) (-3.70) (-3.45) 
4-6 -107.37 0.10 -0.09 
(-1.04) (-1.54) (-1,13) 
7-11 3.20 -0.07 -0.104 
(C•OD) (-1.53) (-1.56) 
^Ordinary least squares regression, t-ratios in parentheses. 
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Table D.1 (Continued) 
Capital 
services 
Capital/ 
wife's 
labor 
Capital/wife's 
plus husband's 
labor 
Children ages 12-20 228.09 
(6.14) 
0.06 
(2.66) 
0.07 
(2.35) 
Household members 
(Other than children) 
30.54 
(0.27) 
-0.11 
(-1.61) 
-0.17 
(-1.85) 
Years married 6.00 
(0.78) 
0.003 
(0.60) 
0.00021 
(0.04) 
Rooms in house 18.26 
(0.72) 
-0.014 
(-0.92) 
-0.022 
(-1.13) 
Dummy variables 
Husband worked off-farm 321.53 
(2.12) 
0.24 
J 
0.25 
(2.05) 
Husband worked off-farm, 
continuously 
-287.17 
(-1.52) 
-0.18 
(-1.57) 
-0,16 
(-1.05) 
Wife worked off-farm 238.21 
(1.92) 
0.22 
(2.27) 
0.27 
(2.19) 
Wife worked off-farm, 
continuously 
70.19 
(0.42) 
0.29 
(2.76) 
0.44 
(3.31) 
Poor health, husband -675.57 
(-1.83) 
-0.24 
(-1.03) 
-0.17 
(-0.59) 
Poor health, wife -142.38 
(-0.38) 
-0.01 
(-0.04 
0.02 
(0.07) 
Regular household help 92.11 
(0.37) 
0.07 
(0.42) 
-0.007 
(-0,04) 
Dairy farm operation -283.54 
(-2.35) 
-0.07 
(-0.96) 
-0.12 
(-1.30) 
F-ratio 6.53 7,46 7,45 
_2 y. ,1698 ,1894 .1892 
K 790 790 790 
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Table D.2. Estimates of demand equations for household capital services 
and for household capital-labor ratios: Durables, 1976^ 
Durables Capital/ Capital/ 
capital wife's husband's and 
services labor wife's labor 
Constant 204.16 0.176 0.157 
(10.11) (5.48) (6.04) 
Wife's age -7.04 -0.0014 -0,0015 
(-1.45) (-1.75) (-2.38) 
Husband's age 0.551 0,0013 0.0012 
(1.23) (1.81) (2.10) 
Wife's education 2.268 0.0088 0.0011 
(1.85) (0.45) (0.72) 
Husband"s education -2.594 -0,0012 -0.0018 
(-2.26) (-0.67) (-1.33) 
Farm income, permanent 0.0002 0.0000003 0,0000002 
(1.44) (1.23) (0.92) 
Other income, permanent 0.0007 0.00000044 0.0000003 
(1.31) (0.49) (0.36) 
Operated acres 0.035 0.000005 0.00002 
(0.40) (0.35) (1.05) 
Husband's wage, imputed 10.843 0.0038 0.0035 
(5.02) (1.11) (1.25) 
Wife's wage, imputed -0.0996 0.000017 -0.0004 
(-0.04) (0.04) (-0.13) 
Children ages 0-3 1.768 -0.0255 -0.023 
(0.46) (-4.20) (-4.60) 
4-6 0.619 -0.0039 -0,0063 
(0.16) (-0,64) (-1,26) 
7-11 4.271 -0.011 -0.008 
(1.69) (-2.73) (-2.46) 
"Ordinary least sqiiares regression, t--ratios in parcri 
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Table D.2 (Continued) 
Durables Capital/ Capital/ 
capital wife's husband's and 
services labor wife's labor 
Children ages 12-20 4. 378 -0 .0010 -0. 0010 
(3. 11) (-0 .46) (-0. 57) 
Household members -0. 127 -0 .0215 -0. 016 
(Other than children) (-0. 03) (-3 .14) (2. 92) 
Years married 0. 419 -0 .0002 0. 0001 
(1. 56) (-0 .51) (0. 32) 
Rooms in house 3. 213 -0 .0025 -0. 0017 
(3. 36) (-1 .64) (-1. 38) 
Dummy variables 
Husband worked off-farm -3. 481 0 .019 0. 017 
(0. 61) (2 .14) (2. 30) 
Husband worked off-farm. -8. 470 -0 .017 -0. 015 
continuously (-1. 20) (-1 .55) (-1. 63) 
Wife worked off-farm 9. 166 0 .028 0. 020 
(1. 57) (3 .00) (2. 65) 
Wife worked off-farm, -7. 045 0 .024 0. 016 
continuously (-1. 12) (2 .44) (1. 96) 
Poor health, husband -0. 46 0 .032 0. 015 
(-0. 04) (1 .44) (0. 84) 
Poor health, wife -14, 724 0 .018 0. 009 
(-1. 06) (0 .82) (0. 53) 
Regular household help 17. 129 0 .010 0. 015 
(1. 82) (0 .65) (1. 24) 
Dairy farm operation -9. 959 0 .0022 0. 006 
(-2. 20) (0 .31) (1. 08) 
F-ratio 6. 532 6 .856 6. 162 
R2 
. 1699 ,1768 . 1619 
N 790 790 790 
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Capital Services Not Including Home Rent 
The permanent farm and other income coefficients remain significant 
when home rent is excluded from the capital service estimate. While 
there is a change in the magnitude of the coefficients, the elasticities 
of capital services and the capital-labor ratios with respect to the 
permanent income measures, evaluared at sample means, remain unchanged 
from the elasticities computed frem the demand equations using total 
capital services. 
The coefficients of either adult's imputed wage rate are not signif­
icantly different from zero in all the estimated demand equations exclud­
ing home rents. When the capital service estimate includes all capital 
services the husband's imputed wage rate was statistically significant 
and positive in the capital services equation and in the capital-labor 
ratio equation where both adults' time in household labor was employed. 
The coefficient of wife's education is significantly different from 
zero and positive in the capital service equation excluding home rents, 
but not significantly different from zero in the capital-labor ratio 
equations. When the capital service estimate included all capital ser­
vices in wife's education was positive and statistically significant in 
the capital-labor ratio equations. The coefficient of the husb-nd's edu­
cation is not significantly different from zero in any equations regard­
less of the inclusion or exclusion of home rents in the capital services 
estimate. 
Other than sane changes in the magnitudes of the estimated 
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coefficients, the effects of the explanatory variables capturing household 
composition remain the same as the analysis in Chapter VII. 
The major changes in significant explanatory power of the predeter­
mined variables are in those variables that show no significance in the 
household labor estimates shown in Chapter VI for either adult. Although 
education and imputed wages are statistically significant in capital ser­
vices estimates, they are not significantly different from zero in the 
household labor estimates and in the capital-labor ratio equations when 
home rents are excluded. 
Capital Services of Household Durables 
The coefficients of permanent farm and other incrane are not signifi­
cantly different from zero in any of the estimated demand equations when 
the capital service estimate is comprised solely of the services from 
household durable goods. When the capital service estimate included total 
capital services, permanent farm income was positive and statistically 
significant in the estimated demand equations of capital services and 
both capital-labor ratios. 
The coefficient of wife's education is positive and statistically 
significant in all the estimated demand equations when the capital ser­
vices estimate included total capital services. However, when the capi­
tal services estimate is comprised solely of services from household dur­
able goods, the coefficient of wife's education is positive ana statis­
tically significantly in the capital service equation. 
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The only case of statistical significance of either adults* imputed 
wage rate coefficient when durable goods are the capital service estimate 
is in the capital service equation. 
Other than some changes in the magnitudes of the estimated coeffi­
cients, the effects of the explanatory variables capturing household 
composition remain the same as the analysis in Chapter VII. 
